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CHAPTER I
INTRODUCTION
Scientific inquiry can be traced to very remote times.
Egypt used practical applications of physics as far back as
3700 B.C., as evidenced by their engineering skill in erecting
the pyramids. The Babylonians made use of the lever and the
pulley, lathes, picks, saws, and hammers. The present study
will open with a brief discussion of the science of Athens
and Alexandria. It was this period that gave to the world
two men whose names have been associated with science ever
sinoe, namely, the great philosopher Aristotle whose theories
were to have such a dominating influence in shaping the sci-
entific thought of the world for the two thousand years fol-
lowing their propounding; and Archimedes who represented the
first real proponent of experimental science.
The major portion of this study will be devoted to those
changes that have occurred in physios teaching in the secondary
schools of this country since the inception of the American
Academy movement down to and including the present day. The
writer has attempted to emphasize the forces in each period
that have operated to place the teaching of physics in our
secondary schools on such a basis that the subject might most
. .
.
.
*
.
2nearly fulfill the needs of the people according to the views of
the day.
The science course constitutes one of the most important
parts of the high school curriculum of today. As one of the
major subjects of this course physics is to be regarded as a most
desirable part of the education of every boy and girl who would
make adjustments to life and society in the most efficient man-
ner possible. Organizations of science teachers throughout the
country are constantly at work attempting to determine the con-
tents of the physics course, its relation to other subjects, and
the most efficient methods of presentation. In no field of edu-
cational endeavor do we find more earnest or complete efforts
to solve the problems that confront education than in that of
physics. With this view of the vital importance of physics in
the curriculum of the high school of today, this study of the
history of the introduction and growth of physics has been made.
.*
_
*
CHAPTER II
SCIENCE FROM THE DAYS OF ATHENS UNTIL THE SEVENTEENTH CENTURY
The history of any subject for a given period is always
made more understandable if the development of the subject pre-
ceding that period is known. I shall therefore sketch very
briefly the rise of scientific inquiry, beginning with the time
when Athens was the intellectual capital of the Greek world.
Greek science in general rested on philosophic speculation
rather than on observation, testing, and measuring. Socrates
(470-399 B.C.), Plato (427-347 B.C.), and Aristotle (384-321 B.C.)
were the greatest of the philosophers whose abstract thought has
so greatly influenced the intellectual life of the world. The
Athenian school curriculum included music, literature, religion,
physical training, and citizenship, but did not include arith-
metic, grammar, or science. Gubberley states, "Aristotle had
done a notable work in organizing and codifying Greek scientific
knowledge, but his writings were the result of keen observa-
tions and brilliant speculation, contained many inaccuracies
and in time proved serious obstacles to real scientific
1
progress." Later, at Alexandria we find the Athenian method
of speculation as to phenomena and causes still the vogue, al-
I
Cubberley, Ellwood P. The History of Education, Page 381.

4though we discover here our first real proponent of experimental
science in "Archimedes (2707-212 B.C.), a pupil of Euclid 1 s,
who applied science in many ways and laid the foundations of dy-
2
namics .
"
From the time of Alexandria until the middle of the 16th
Century science, dominated by Aristotelian methods sanctified
by a powerful religious atmosphere, was at a standstill. Dur-
ing these days of Rome and the middle ages we find, "Physics
was often taught as a part of the instruction in astronomy, and
consisted of lessons on the properties of matter and some of
the simple principles of dynamics. Little else of what we to-
3
day know as physics was then known." C. R. Mann also describes
the lack of advance in science during this period in his state-
ment, "For these Middle-Age studies of physics consisted in
memorizing Aristotle’s speculations on this subject, and in
having hair-splitting disputations as to their meanings and
4
their possible implications." It is true that Roger Bacon ob-
jected to Aristotelian methods as early as 1276 but his sugges-
tions for something better fell upon deaf ears. Copernicus
(1473-1543) can be regarded as the first modern scientific thinker,
and "The beginnings of all modem scientific investigation date
5
from 1543."
From the time of the Italian, Galileo Galilei (1564-1642)
,
the growth of physics has been continuous* He developed the
2
Cubberley, Ellwood P. The History of Education, Page 381.
3
Ibid., Page 162.
4
Mann, C. Riborg. The Teaching of Physics, Page 25.
5
Cubberley, Ellwood P. The History of Education, Page 387.

5telescope and by the use of careful scientific methods made nu-
merous discoveries in physics. We are told that he "completely
upset the teachings of the Aristotelians, and made the most
6
notable advances in mechanics since the days of Archimedes."
The English scholar Newton (1642-1728) "made clear the nature of
7
light; and reduced dynamics to a science"
,
while "The Englishman
William Gilbert (1540-1603) laid the foundations of the
8
modem study of electricity and magnetism."
Thus we see the progress of science from the old scholastic
deductive logic of Aristotle change to the basis of inductive
reasoning of Francis Bacon - "the father of modern science."
Cubberley writes of the latter group, "In time their work was
destined to reach the schools, and to materially modify the
9
character of all education."
In the century following Copernicus the barometer, thermome-
ter, air pump, pendulum clock had come into use; and modern ideas
as to light and optics and gases and the theory of gravitation
were about to be set forth. The tremendous interest in this new
scientific work is seen by the numerous scientific societies
that were organized during this period, including the Royal So-
ciety of London (1660); the Imperial Academy of Gemany (1662);
the Academy of Sciences in France (1666); and the National Ob-
servatory at Greenwich (1675). After 1650 the advance of science
6
Cubberley, Ellwood P. The History of Education, Page 388.
7
Ibid., Page 388.
8
Ibid., Page 389.
9
Ibid., Page 390.

was rapid* During the reign of George I (1714-27) in England
scientific work began to be popularized and the first little
booklets on scientific subjects began to appear and were eagerly
read. In 1704-10 the first "Dictionary of Arts and Sciences"
was printed, and in 1688-71 the first edition of Encyclopedia
Britannica appeared. 1755 saw the famous British Museum founded.
In 1698 a rude form of steam engine was patented in England and
James Watt in 1765 improved it so it was applicable to industry.
..
.
.
CHAPTER III
SEVENTEENTH AND EIGHTEENTH CENTURY SCIENCE
During the 17th and well into the 18th centuries, the ex-
treme conservatism of the universities and their continued con-
trol by theological faculties found these institutions inhos-
pitable toward the new scientific method, and practically all
the leading workers were found outside the universities. Not
until the close of the 18th century did the universities be-
come sufficiently modernized to allow scientific workers to
find in them an atmosphere conducive to scientific teaching
and research, and they gradually became the homes of scientific
progress and instruction. Science was studied and taught from
a religious viewpoint. Natural Philosophy covered the whole
realm of Nature, and all phenomena were explained as outward ex-
pressions of the mystical. Such a common fact as that air
possesses weight was not known until 1643 when Torricelli made
his crude barometer.
Charles Morton was a typioal figure of science of this
period. This scholar and preacher came from England in 1686 to
teach science at Harvard College. To show how imaginative and
1
speculative his teaching was, let us view his theory on the
I
Meriwether, Colyer. Our Colonial Curriculum. 1607-1776,
Page 189.
..
t
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8migration of birds. Being skeptical of the prevailing theory
that migratory birds hibernated at the bottom of rivers during
the cold seasons, he built up the theory of their migration to
the moon. He even calculated the time of their flight, figuring
that they could travel at the rate of 125 miles an hour, 3000 a
day, 180,000 in two months. A bird setting his gaze, by instinct,
on the moon at a certain point in space, flew straight to that
point and landed on the moon on its second trip around the
earth. Two months going, four months on the moon, two months
returning, allowed four months in New England.
Abraham Pierson, first president of Yale College, explained
phenomena in his "Compendium Philosophise Natural! s" from a
religious angle. Gravesande and Rohault
,
science teachers at
Yale, included in their teaching the subjects of physics, ge-
ography, astronomy, meterology and biology and taught them from
a religious viewpoint. Meriwether writes, "Today science domi-
nates our schools. Our colonial ancestors studied and taught
in an atmosphere of religion which they had inherited from the
middle ages. For centuries the pedagogic aim had been to point
2
the road to Heaven."
Even the "Laws" for 1642 had as their keynote "the main
end of his ( pupill life and studies is to know God and Jesus
3 L J
Christ." Experimentation did not constitute a prominent factor
in our colonial college curriculum. Inventories of scientific
apparatus at Harvard College covering the period 1731-1790 show
2
Meriwether, Colyer. Our Colonial Curriculum. 1607-1776, Page 13.
3
Ibid., Page 53.

9that only a few simple experiments were provided for, with no
duplication of apparatus. Demonstration by the instructor was
the only method used. An invoice of expenses for scientific
apparatus at Harvard for the year 1740-41 shows a total ex-
penditure for new apparatus and repairs of only L9.6s.10d.
The meagre amount of demonstration also contributed its re-
ligious atmosphere as evidenced by the following quotation from
a letter written by Mr. Thomas Hollis, of London, to
Col. Hutchinson, Treasurer of Harvard, in connection with the
shipping of a few pieces of apparatus, dated London,
July 20th, 1732:
"I hope Mr. Professor Greenwood will make good use of
each, for the promoting useful knowledge and to the
advancement of natural and revealed Religion.”
Thus we find ”0f the scientific attitude as it is cultivated
today, of cold dispassionate study of nature without the linger-
ing flavor of authority or of religion, our colonial ancestors
4
knew nothing.”
4
Meriwether, Colyer. Our Colonial Curriculum. 1607-1776, Page 224.
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CHAPTER IV
UNIVERSITY PHYSICS IN AMERICA
As was stated in chapter III, the sciences of chemistry
and physics did not ccane into educational prominence until the
latter part of the 18th century. Even as recently as 1830 we
find "no college in America would have given chemistry an
equal rank with Greek; today fieso] an election between the
two subjects is in many of our best institutions freely per-
1
mitted." Before the Revolutionary Y/ar, natural philosophy
was taught in American colleges, being subordinated to the
study of mathematics. "Lectures were delivered upon mechanics,
hydrostatics, pneumatics, and optics; a little was said about
heat and sound; a few experiments in electricity were perhaps
2
occasionally shown." Experimental physics was yet in the
first stages of development. The electric current was unknown;
V
Rumford had not discovered the nature of heat; Oersted, Ampere,
Davy, and Young were not even born, and Priestley, Cavendish,
Scheele, Lavoisier, Dalton and Gay-Lussac had yet to make them-
T
Report No. 6 1880 United States Bureau of Education.
A Report on the Teaching of Chemistry and Physics in the
United States, by Frank Wigglesworth Clarke, S.B., Professor
of Chemistry and Physics in the University of Cincinnati,
Page 380.
2
Ibid., Page 380

11
selves famous by their discoveries. Oxygen was unknown. Physi-
cal laboratories and instruments of precision did not exist.
One by one the colleges adopted physics and chemistry. The
University of Pennsylvania Medica School in 1768, Harvard in
1782, Dartmouth in 1798 recognized these sciences. William and
Mary College had a Professor of chemistry and physics as early as
1774. The period 1800-1845 saw scientific studies grow more in-
to favor. Technilogical schools were founded, the first being
the Rensselaer Polytechnic Institute in 1824. During this
period many illustrious men, such as Hare and Silliman, and Page
and Henry were offering scientific discoveries to the world.
Enthusiastic students were returning to our shores with the Old
World laboratory methods. Between 1845 and 1850 scientific
schools were established at Yale and Harvard; and the Smith-
sonian Institute and the American Association for the Advance-
ment of Science were organized. Laboratory instruction in our
universities obtained a strong foothold and rapidly grew in
favor. The sciences were still taught from the utilitarian
viewpoint however, and original research was lacking.
The year 1862 saw the greatest single step taken toward
stimulating scientific education in our universities. Congress
in that year passed an act granting to the several states large
areas of public lands for the endowment of agricultural and
mechanical colleges. New colleges were organized and old uni-
versities were strengthened. The Massachusetts Institute of
Technology was founded and the Sheffield Scientific School was
improved. These are typical cases. In every state scientific
education secured a firmer foothold. Professor Clarke states

12
the situation in 1880 to be "Today the higher chemistry can
be studied in a score of places where twenty years ago no
adequate facilities were offered, and the modern physics,
with its mathematical methods and its laboratories, is rap-
3
idly coming into vogue.”
One feature of this spread of scientific teaching was its
influence on the secondary schools. They too were organizing
laboratories and teaching their students to experiment for them-
selves, thus preparing them for higher work, until we find in
1880, "Today chemistry and physics are taught in nearly all the
academies and high schools of the land; so that the larger col-
leges, whenever they see fit, may easily require from the candi-
dates for admission a wider knowledge of these sciences than they
4
themselves taught a dozen years ago.”
A second important feature of this university development of
physics was that it was gradually evolving a body of subject mat-
ter which could be transferred, with certain modifications, to the
lower schools.
3
Report No. 6 1880 United States Bureau of Education. A Re-
port on the Teaching of Chemistry and Physics in the United
States, by Frank Wigglesworth Clarke, S.B., Professor of
Chemistry and Physics in the University of Cincinnati,
Page 382.
4
Ibid., Page 383
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CHAPTER V
NATURAL PHILOSOPHY IN THE AMERICAN ACADEMY AND EARLY HIGH SCHOOL
The first half of the 19th century continued the breaking
away from the theological interpretation of natural phenomena.
The great investigators already mentioned and many others in-
cluding Ohm (1787-1854), Helmholtz (1821-1894), Volta
(1745-1827), Daniell (1790-1845), and Faraday (1791-1867) were
active in research. The steamboat and locomotive and various
other mechanical inventions were gradually awakening the peo-
ple of all civilized countries to the utilitarian view of
science. Europe had already recognized this in her education
by the establishment of the scientific secondary school
(Realschule) in Germany in the 18th century.
School physics is not so old as University physics.
There is a record of its having been taught in the academy
1
at Northampton, England, as early as 1729. No natural sci-
ence was found in the Colonial grammar school. With the
establishing of secondary education in the United States
during the latter half of the 18th century and the first
I
Brown, E. E. The Making of Our Middle Schools, Page 171.
..
.
14
half of the 19th it was only natural to include science in its
curriculum. "In America, Natural Philosophy was one of the sub-
jects studied in the academies from their very beginning. In
1754, we find Rev. H7m. Smith teaching ’natural and moral
philosophy 1 at the ’Publick Academy in the City of Philadelphia’,
2
the one founded under the influence of Benjamin Franklin.”
Likewise it appeared in the courses of study in the first public
high schools in New York in 1825. Clinton Academy was incorpo-
rated in 1787 and had twelve scholars in Natural Philosophy in
its first class. However, up to the early part of the 19th
century science had as yet formed no conspicuous part of the
secondary school curriculum.
Numerous textbooks on natural philosophy were published dur-
ing the 18th century, one of the most successful being James
Ferguson’s, published in 1750. This text was revised in 1805 by
Sir David Brewster and brought out in America in 1806 by
Robert Patterson, Professor of Natural Philosophy in the Uni-
versity of Pennsylvania.
The early introduction of natural philosophy into the acad-
emy program of studies indicates that the purpose for which it
was intended was quite different from that which supplied the mo-
tive for university physics. The academies were founded in order
that the pupils might learn ’’those things that are likely to be
most useful and most ornamental, regard being had to the several
3
professions for which they were intended.” Thus it is evident
that this period regarded natural philosophy as one well calculated
to meet the needs of the people. Also since it did not receive
2 '
Mann, C. R. The Teaching of Physics, Page 29.
3
Brown, E. E. The Making of Our Middle Schools, Page 180.
.*
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credit for college entrance until 1872, its instruction evidently
did not meet the college ideas of education. The Phillips Andover
Academy is typical of the secondary schools of this period and it
was founded "for the purposes of instructing Youth, not only in
English and Latin Grammar, Writing, Arithmetic, and those Sciences
wherein they are commonly taught; but more especially to learn
them the Great End and Real Business of Living They still
retained the Latin of the Latin Grammar School but made most of
new subjects of more practical value.
4
Especially interesting are Brewster 1 s comments on Ferguson’s
text. He says, "The chief object of Mr. Ferguson's labors was
to give a familiar view of physical science and to render it ac-
cessible to those who are not accustomed to mathematical in-
vestigation." and, "Mr. Ferguson may be regarded as the first
elementary writer on natural philosophy, and to his labors we
must attribute that general diffusion of scientific knowledge
among the practical mechanics of this country . ” And again,
"No book upon the same subject has been so generally read, and
so widely circulated, among all ranks of the community. We per-
ceive it in the workshops of every mechanic. We find it trans-
ferred into the different encyclopedias which this country has
produced, and we may easily trace it in those popular systems
of philosophy which have lately appeared." We can easily under-
stand the popularity of Ferguson’s book in a period (1750-1825)
when machinery was being rapidly introduced into all branches
of industry. Sixty-two pages were devoted to machines, and
forty pages to pumps. There was a large and constantly increas-
4
Woodhull, J. F. The Teaching of Physical Science. Teachers
College Record. Vol. XI. 1910. Page 18.

16
ing demand for scientific knowledge by the public and education
invoked natural philosophy and other sciences to meet the need
and supply the demand.
It is evident that secondary school physics did not begin
as a phase of university physics with its mathematical basis but
rather as a felt need on the part of the public for a proper un-
derstanding of the rapidly advancing scientific era.
Natural Philosophy was part of the curriculum of the first
public high school, the English High in Boston, from the start
in 1821. Brown writes that these public schools were established
because "no one of the colleges fully answered the public need
5
as regards higher education”
,
and because "the commercial ac-
tivities of the larger towns called for a different kind of
training from that offered by the schools designed to prepare
6
for college." The English High represents what was done in
natural philosophy in the secondary schools of the United
States up to the middle of the 19th century. In 1823 an ap-
propriation of $2,500. for the purchase of scientific apparatus
was made. We find "No actual laboratory work was done by pu-
pils until much later. This early physics teaching was much
more satisfactory from the viewpoint of the subject matter,
than from that of the teaching method. Recitations were
usually formal, individual and dependent upon the text, as
distinguished from the more natural, social, experimental and
7
demonstration types of today."
Brown, E. E. The Making of Our Middle Schools, Page 280.
6
Ibid
. ,
Page 295
.
7
Rusk, R. D. How to Teach Physics, Page 26.

CHAPTER VI
INDUSTRIAL AND SCIENTIFIC MOVEMENT IN
euj^'ope aN^ Its' spread to America
About the middle of the 19th century we find Europe in
the throes of a general industrial, scientific, and technical
educational movement* Special schools were turning out not
only scientists, but also men trained for the trades. The
educational statistics for 1856-7, as reported in Barnard's
Journal of Education, show the following facts regarding this
scientific training in Europe
:
Prussia had seventy-one realschulen with 20,931 pupils.
At the Rendsburg realschule natural science was taught in all
six classes. The capital of Hanover had one realschule and
twenty-five science teachers in the gymnasia. In Saxony were
found three or four realschulen. In Planen and Zittan paral-
lel classes were joined to the gymnasium in which Natural
Philosophy was taught two hours a week in the second and third
classes. Saxony's Royal Industrial School at Chemintz offered
Natural Philosophy four hours a week in the fourth class;
Mechanics five hours in the third class; Mechanical Physics
six hours in the first or highest class. Austria had one real-
schule at Pesth. Bavaria had five realschulen, and Baden had
..
.
.
.
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1872 students in realschulen.
This great industrial movement of Europe naturally spread
its influence to America, and as already stated, it was during
this period that Yale and Harvard established their scientific
schools, and that various scientific societies were founded.
The high school also felt the effects of this movement.
A new science sprang up as a result. Natural Philosophy from
the inception of the academy movement had been satisfied with
teaching a few elementary facts, observational and theoretical,
concerning the most common natural phenomena. The new era de-
manded a science that would make its learners more proficient
in the arts and trades.
The state of science teaching previous to this time is il-
1
lustrated in an article by A. Diesterweg. He tries to answer
the questions: Should Natural Philosophy be studied in common
schools? What should it begin with? When should it begin?
What portions should be stressed? What method should be used?
What is its aim? He concludes that Natural Philosophy should
of course be taught in the common schools, and should start at an
early period. The method should be inductive, taking observa-
tions of single facts of common knowledge to be used as the ba-
sis for reflection, followed by abstracting the laws of the
process, and then in inverse order, deducing the phenomena from
the causes. The aim was a knowledge of the most common phenom-
ena and ability to explain them. To show what Diesterweg be-
I
Barnard 1 s American Journal of Education. Vol. 4. Catechism
on Methods of Teaching, translated from Diesterweg*
s
"Almanac" (Jahrbuch) for 1855-6, by Dr. Herman Wimmer,
PP 242-3.
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lieved should be stressed, he says, "Shall the children in the
common school learn nothing of weather and wind, of thermometer
and barometer, of the phenomena of light and air, of rain and
snow, dew and hoar, frost, fogs and clouds, lightning and
• •
thunder? Shall they see the aernaut
,
travel by steam, and read
telegraphic news, without knowing the how and the why? Shall
they remain ignorant of the constituents of food, and of the
process of their stomachs and their lungs?"
It is to be noted from Diesterweg's conclusions that
natural philosophy up to this time consisted of a smattering of
everything in the realm of nature, thus giving a superficial
knowledge of a wide range of more or less related facts, with-
out a scientific study of any particular field. Furthermore,
the Athenian method of observing and reflecting to arrive at
knowledge still persisted with no mention made of experimental
methods.
In the year 1855, Daniel C. Gilman was pointing out to the
American people the tremendous success of the European scientific
schools, and urging improvement of our science instruction.
2
The next year James D. Dana, in an address before the Alumni
of Yale College, urged Yale to take the lead in America in this
new science movement. American producers were learning that to
compete with European manufacturers our schools must unite the
theoretical and applied science that was evolving in leaps and
bounds.
So we can look upon the middle of the 19th century as being
the starting of the transition from the old to the new science -
2 _
Barnard 1 s American Journal of Education. Vol. 11 . PP 349-374.
.-
,
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the first, called Natural Philosophy, vshich covered the whole
realm of nature from a theoretical viewpoint; and the latter
called Physics, with its narrowed field and its more intensive
study to the industrial applications of its theoretical observa-
tions and reflections.
We find the new utilitarian motive in secondary school
science emphasized in the first St. Louis high school, organized
in 1853. This school adopted two courses, a classical and a
general course. The first provided those studies necessary for
admission to the best American colleges. The second included
in addition to a certain amount of classical studies, ”such
studies in science and literature as shall best fit pupils for
different departments of business, and make them generally intel-
ligent.” The program of 1863 required a half year of Natural
Philosophy in the second year. Chicago in 1866 gave a full year
of Natural Philosophy in the third year of the course in the
general department of its high school.
Practically all the high schools of the country had at this
3
time only classical and English departments. Extracts of the
official returns from thirty cities of the United States for this
period show that natural philosophy was taught in the high schools
of all these cities. But, although it was gradually being included
in the program of studies of the high schools throughout the
country, natural philosophy was not destined to play a conspicu-
ous role in the high school courses for some years to come. Per-
haps the greatest obstacle to the introduction of the new science
into the curriculum was the lack of a method of teaching science
3
Barnard’s American Journal of Education. Vol. 19. Page 463.
..
.
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that would make the subject a real one to the pupil. So long as
a pupil was forced to learn science from a book with the small
amount of experimentation performed by the teacher - so long would
the general introduction of science be retarded.

CHAPTER VTI
INTRODUCTION OF LABORATORY WORK
Until Galileo’s time experimentation was unheard of. Hard
thinking on observed phenomena was considered the sole require-
ment for scientific advancement. To many people experiments
were looked upon as dangerous to both intellectual and moral
life. Even as late as 1856 we find James D. Dana utter such
statements as "It is painful to witness the dread of this sci-
ence (of nature”/ that is so often displayed —" and "Yet there
2
are many who still look with distrustful eyes on science” .
This scholar gives a more hopeful view of the near future by
claiming that science is gradually gaining ground as not being
the monster of atheism so long regarded as, and by saying, "We
have reason for gratulation, that our country is beginning to
5
appreciate the importance of scientific culture."
1
Barnard’s Journal of American Education. Vol. 2. Page 364.
Science and Scientific Schools. James D. Dana.
2
Ibid., Page 350.
3
Ibid., Page 365.
..
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Experimental work in the secondary schools was to be found
even as early as the first part of the 19th century. Woodhull
says, "Previous to 1870 there was much in the way of ’Philosophi-
cal apparatus’ in the schools " and "As early as 1837 the
city of Boston furnished each of its grammar schools with a set
of physical apparatus costing $275. for each set. A similar
set was to be found in most of the academies of the country
4
about that time .” But the apparatus was for use of the
instructor only.
High schools throughout the country during the third quar-
ter of the century began to introduce Physics and Chemistry as
distinct subjects, and the elective method, which was gradually
being adopted, especially in the West, rendered their introduc-
tion possible in many schools where they had not before been rec-
ognized. Physics was usually an elective subject but occasion-
ally was included in the prescribed "core.” However, as an elec-
tive subject, Physics could not be expected to be generally
elected until the method of teaching it proved more interesting
and useful than in the past. Lack of contact between pupil and
subject matter was the fault. The recognition of this fault had
been steadily growing, and beginning about 1870 and for a period
of about ten years following, there was much discussion of method,
and a strong plea for individual laboratory work by the pupil.
To quote Woodhull again, "Between 1870 and 1880 much was said
about the value of individual laboratory work and the use of the
5
inductive method." But even the close of this decade which was
4
Woodhull, John F. The Teaching of Physical Science.
Teachers College Record, Vol. XI, 1910. Page 6.
5
Ibid.
,
Page 6
.*
‘
.
.
.tf*
1
L : t ~ .
.
.
.
.
24
marked by such vigorous agitation for individual work and the in-
ductive method did not actually see many schools which had adopted
the laboratory method. Yet the few which were taking the step
were to prove the vanguard of a movement that was to grow to the
complete exclusion of the old book-method.
It was a period of much bewilderment . Some teachers thought
that individual laboratory work was impractical. The expense in-
volved and the difficulty of securing trained teachers were the
two greatest obstacles to the general introduction of individual
laboratory work. This movement for laboratory work and the in-
ductive method served as a powerful factor in establishing
greater interest in physics teaching, and it began to receive
a distinctive place in the high school program. More and more
schools were including it in their curriculum.
Of great assistance to the introduction of the laboratory
method were the textbook writers of the first part of the last
quarter of the 19th century. Practically every book emphasized
the value of individual laboratory work and the inductive method
in making knowledge real. It was generally thought that the
study of physics ought to train pupils to think, and to give them
ability to solve problems in any field of endeavor. Laboratory
work and the inductive method were both supposed to be especially
efficacious in producing mental discipline.
6
Reference to the prefaces of a few typical textbooks of
this period will show how vitally important these two phases of
science instruction were becoming. From 1873-78 Steele wrote
in his prefaces to books on chemistry and physics, "As far as
possible every question and principle should be submitted to
6
Woodhull, John F. (ante, footnote p.23).
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nature for a direct answer by means of an experiment.” In
1872 Eliot and Storer wrote in their Elementary Manual of
Chemistry, "The authors’ object is to facilitate the teaching
of chemistry by the experimental and inductive method, to de-
velop and discipline the observing faculties”. In Avery’s
Chemistry (1881) we read, ”As far as possible the experiments
are to be performed by the pupil rather than for him.” Gage’s
Physics had stamped upon the cover ”Read nature in the language
of experiment”, and in the preface we find, "So far as practi-
cal, experiments precede the statements of definitions and laws,
and the latter are not given, until the pupil is prepared, by
previous observation and discussion, to frame them for himself.”
'.
CHAPTER VIII
THE STATUS OF PHYSICS INSTRUCTION IN 1880
A wealth of material picturing the conditions of
physics teaching during the decade preceding 1878 is con-
tained in the United States Bureau of Education Report No. 6
1880. Since this Report is of such an authoritative nature
and covers the subject of physics teaching for this period so
thoroughly I shall dwell at considerable length on it, hop-
ing that by doing so the reader may obtain a clearer view
of this transition period of physics from a book subject to
an experimental subject, and therefore have a clearer appre-
ciation of the changes in the next few decades as described
in succeeding chapters.
Towards the close of the year 1878, the United States Com-
missioner of Education sent out a circular containing compre-
hensive questions relative to the teaching of chemistry and
physics in the United States. The history of instruction,
present courses, textbooks used, value of apparatus, laboratory
facilities and policy, and other topics were all made subjects
of inquiry. Later a supplementary circular was issued covering
.'
,
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the same ground but especially addressed to Superintendents of
public schools in the larger towns and cities. More than six
hundred schools answered the questionnaires. Professor Frank W.
Clarke, of the University of Cincinnati, analyzed the voluminous
material thus collected and made a thorough report. He states,
"the purpose of the report is two-fold; first, to state the
1
facts, and, secondly, to point out defects and remedies."
The collected data show that there are two schools of scientific
teachers - one believing that a full course of didactic instruc-
tion should precede the admission of students to the laboratory;
and the other insisting that laboratory and classroom work should
go side by side from the beginning. Professor Clarke takes a
decided stand with the latter group, emphasizing that the aims
of sciences are "not only to give mental discipline, but also to
train the faculty of observation and to teach the scholar the
2
experimental method of grappling with unsolved problems".
Two major difficulties stand in the way of the general introduc-
tion of laboratories: first "the difficulty of finding trained
teachers or teachers with whom science was not subordinate to
5
other things; the second arises from consideration of expense".
Professor Clarke shows that whereas the first is real enough, it
is rapidly dying out; and the second has no real foundation. He
also deprecates the lack of co8peration between the secondary
schools and the colleges, stating that "in most cases the latter
T
Report No. 6 1880 U. S. Bureau of Education (ante,
footnote p.10)
,
Page 377.
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teach chemistry and physics to the same extent as the former and
4
in essentially the same way” . He recommends that the preparatory
schools advance the study of science to the latter years of the
program, while the colleges offer it earlier in their program
so as to give direct progression.
The reports received from schools throughout the country
5
indicate the following general facts regarding the sciences in
the secondary schools:
f irs
t
: "instruction in chemistry and physics is very generally
given"
.
second : "in the great majority of cases mere textbook work is
done, only a few experiments being performed by the
teacher." In a few cases laboratory practice is had
in both chemistry and physics.
third : It is generally admitted that chemistry and physics are
desirable branches to teach in secondary schools.
fourth : "It may be safe to put half an academic year as the
minimum time assignable to either subject. A year
can usually be given to each without difficulty."
fifth : "instruction should be general rather than specific".
sixth : "No textbook can be taken as sole guide and followed
without variation; but a good treatise may be of
great help to both teacher and pupils."
seventh : "In the recitation or lecture, general principles are
taught; in the laboratoiy the student becomes familiar
with methods and details."
4
Report No. 6 1880 U. S. Bureau of Education (ante,
footnote p.10)
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eighth ; laboratory work "should coincide with the classroom
instruction and divide the time at least evenly with
the latter".
ninth: "every year the number of teachers competent to give
laboratoxy instruction is greatly increased, and be-
fore long the supply will be equal to any demand
which is likely to arise."
Regarding the Normal Schools, which were at this time of
secondary school grade, Professor Clarke says, "By far the
greater number of them treat these sciences exactly as they are
treated in secondary institutions and the smaller colleges; that
is, they teach the elements of both subjects, partly by textbooks
and partly by lectures; a few experiments are exhibited, and
6
laboratory work on the part of the students is entirely ignored."
In the table below are two colums, A and B, containing data
derived from the Report. Column A gives by decades the number
of schools introducing physics into the curriculum as reported by
one hundred and thirty-three public schools in cities of 7,500
population or greater. Table B gives the same data as reported
by two hundred and twenty-one secondaiy schools, excluding those
listed in A but including small public schools, and private
schools and academies.
Number of Secondary Schools Introducing Physics into the Curriculum
Decade Column A Column B
1790-1800 0 1
1801—1810 “0“ “0“
1811-1820 ”0“
1821-1830 "9“
1831-1840 1 13
1841-1850 12 25
l8ol-±860 42 43
±861-187
U
4b 66
1871
-1878 29 68
Report No. 6 1880 U. S. Bureau of Education (ante,
footnote p.10)
,
Page 395.
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It will be noticed that from the earliest date reported,
1790, up to and including 1850, physics instruction was reported
in 71 schools. In the next three decades physics was introduced
into 85, 111, and 87 schools respectively. It must be remem-
bered that this marked increase in physics instruction was not
due entirely to increased interest in this subject since this
was the period of general secondary school growth in which many
new schools were organized due to the demands of increased pop-
ulation. It is reasonable to believe however that the intro-
duction of physics into the course of instruction exceeded the
organization of new schools, for Inglis writes, "interest in
the study of the natural sciences developed faster than the
public high school".
Regarding textbooks the report shows that whereas there
were 53 general texts on physics and 56 additional texts on the
several units in physics on the market, the large public schools
reporting practically limited their choice to the following ten
general textbooks:
36 schools used Steele, J.D. Fourteen Weeks in Natural
Philosophy
" Norton, S.A. Elements of Natural Philosophy
" Cooley, LeRoy C. Natural Philosophy
" Norton, S.A. Elements of Physics
” Rolfe , W.J.
and Gillet, J.A. Natural Philosophy for High
Schools and Academies
" Q,uackenbos, G-.P. Natural Philosophy
" Steele, J.D. Fourteen Weeks in Physics
” Avery, E.M. Elements of Natural Philoso-
phy
” Peck, W.G-. Introductory Course of
Natural Philosophy
” Wells, D.A. Natural Philosophy
The small public schools, and private schools and academies
reporting practically limited their choice to the following
7
l>
29 »
20 "
16 "
15 "
15 ”
10 "
9 "
6 ”
5 "
Inglis, A. Principles of Secondary Education, Page 507
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fourteen textbooks:
119 schools used Steele, J.D.
70 »t it Quackenbos,
41 tt it Peck, W.G.
37 tt tt Wells, D.A.
27 »t tt Avery, E.M.
Fourteen Weeks in Natural
Philosophy
G.P. Natural Philosophy
Introductory Course of
Natural Philosophy
Natural Philosophy
Elements of Natural Philoso-
23 "
20 "
18 "
13 "
10 "
10
7
7
6 "
phy
Norton, S.A. Elements of Natural Philoso-
phy
Cooley, LeRoy C. Natural Philosophy
Rolfe and Grille t Natural Philosophy for High
Schools and Academies
Norton, S.A. Elements of Physics
Ganot, A. Elementary Treatise on Physics,
Experimental and Applied,
trans. and edited by
E. Atkinson
Stewart, Balfour Primer of Physics
M " Lessons in Elementary Physics
Olmsted, D. Introduction to Natural
Philosophy, revised by
E. S. Snell (larger work)
Ganot, A. Natural Philosophy for general
readers and young persons,
trans. by E. Atkinson
The cost of apparatus for chemistry and physics as reported
by the different schools varied from nothing to as high as six
thousand dollars, the average being less than five hundred. How-
ever, cost of apparatus must not be taken as a fair estimate of
the quality of science instruction, since a hundred dollars
spent on simple, fundamental pieces would aid teaching more than
a thousand dollars spent on elaborate toy-type pieces. Again,
many instructors used school-made apparatus quite effectively at
an insignificant cost. It is interesting to note that in con-
nection with the cost of apparatus Congress a few years earlier
had passed a law admitting foreign made apparatus for schools
duty-free
.
The instructor of physics also usually taught chemistry and
other subjects.
There seemed to be no uniform grade for the study of physics,
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it ranging from the first to tbe last year of the secondary
course, with the majority giving it in the sophomore or junior
ye ars.
Three typical courses were offered:
’’Elementary oral instruction, with experiments by the
teacher.”
’’Elementary textbook work, without experiments.”
’’Course in elementary physics with class experiments
but no laboratory work.”
The number of exercises per week devoted to physics varied
in the main between three and five, the average falling between
four and five. The length of the course also varied, with ap-
proximately equal numbers of schools offering respectively a
full year course, a two-thiid year course, and a half year
course
.
The most significant features of this report are: first,
the great lack of uniformity in the teaching of physics in
schools of a similar grade throughout the country; and second,
the slight coordination between the work in colleges and in
preparatory schools.
In order to gather facts for the placing of physics teach-
ing on a more uniform basis, in the fall of 1883 the Commissioner
of Education of the United States sent out another circular to
secondary schools, normal schools, and colleges about the teach-
ing of physics, and seventy replies were received. The purpose
of the circular in brief was ’’for the purpose of showing how
they [natural science
sj should be taught and what ends they8
should serve.”
8
Report No. 7 1884 U. S. Bureau of Education. Aims and
Methods of the Teaching of Physics; By Professor Charles
K. Wead, of the University of Michigan, Page 575.
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The report states, "The weight of opinion is decidedly that
9
at first the teaching should be inductive. M The reasons offered
are that "all our judgments of men, and our opinions on common
matters of life must be largely the result of inductive reason-
ing", and, "more of physics can be taught so as to be remembered
10
in this way than in any other." The difficulties that opposed
the introduction of the inductive method are stated as: "absence
of any clearly held and generally accepted view of either the
importance or the method of inductive training"; "The teacher
has probably known little or nothing of it in his own education,
he does not know how to begin"; "he is specially familiar with
deductive methods and their value in training"; "the progress
of the student following this method is so slow, if measured
by the usual examination tests, as to discourage a faint heart";
and last, "It is sometimes carried to such an extreme (at
least on paper) as to confine the student’s knowledge to what he
11
can leam for himself." The report also states that the av-
erage textbook is inconsistent with inductive teaching. The
best book on the inductive method is given as Gage’s, where ex-
periments and questions precede the statement of principles and
laws. Professor Wead in this report warns that "laboratory
work and inductive teaching must not be considered equivalent
12
terns"
.
Physics is recommended for the third year of the course,
and the time allowed, a full year. Preparation for Harvard re-
9
Report No. 7 1884 U. S. Bureau of Education (ante,
footnote p.32), Page 683.
10
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quired about two-thirds of a year. New York State regents as-
signed two-thirds of a year, and Michigan a full year.
The character of the work is described as "elementary and
13 14
beyond all question experimental"
,
also "primarily for discipline"
and training rather than for information.
Practical work in the laboratory is generally favored. It
is interesting to note that the English writers were also almost
uniformly in favor of laboratory work. Experimenting was to be
largely qualitative.
Textbooks with lectures were favored; laboratory work was
to ac company textbook study.
The mathematical knowledge that could be assumed was a
ready command of arithmetic (including the metric system),
algebra through second degree equations, and elementary geometry.
The cost of apparatus necessary as reported varied from
$25. to $5000. Two-thirds of the replies placed the cost at
not over $300; about one-half put it at not over $150. The
feature of home-made apparatus rendered any definite cost diffi-
cult .
The majority of replies favored the requirement of physics
for admission to college, although many felt that more uniform-
ity in secondary school physics should precede this requirement.
The benefits to be derived from such a requirement are
described thus, "The study of physics is fitted to give results
in mental training that are of hi^i value and that cannot be
given so well by other studies; it is to be considered an essen-
13
Report No. 7 1884 U. S. Bureau of Education (ante,
footnote p. 32 ) , Page 695.
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tial subject in the secondary schools; in these it will usually
be better taught if the college has even the slight supervision
over the teaching that a requirement for admission would give,
and so this requirement would react to the benefit of the com-
15
munities where the schools are 3ituated.”
The reasons for teaching physics are "in habituating the
pupil to observe for himself, to reason for himself on what
he observes, and to check the conclusions at which he arrives
by further observation and experiment", and also "the mental
16
training and discipline which the pupils acquire
This report closes with the first syllabus on record. A
17
list of fundamental experiments is given "which may be shown
by the teacher, or some of them may be performed by the student
in the laboratory." The list is given in full, since it indi-
cates so clearly what was considered fundamental to a course
in physics in 1884.
These two reports of 1880 and 1884 present an excellent
picture of the unsettled conditions of physics instruction
during the first decade of this transition period when physics
was changing from a purely book-subject to one involving in-
dividual laboratory work.
15
Report No. 7 1884 U. S. Bureau of Education (ante,
footnote p.32), Page 701.
16
Ibid., Page 681.
17
This list will be found in the Appendix (A).
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CHAPTER IX
UNIVERSITY INFLUENCE SHAPES SECONDARY SCHOOL PHYSICS TEACHING
About the year 1872 Natural Philosophy disappeared from the
curriculum of the high school and its place since then has been
occupied by Physics. In that same year Physics had become con-
spicuous enough in the secondary school program to be recog-
nized by the colleges as one fit to receive credit for entrance.
It was also at this time that the high schools began their
rapid ’’gravitation toward the colleges” which continued until
the end of the century. By 1884 a few colleges required physics
as a prerequisite for entrance on a classical course. Follow-
ing is a list of such colleges and the requirement (if speci-
fied) :
Harvard: Rolfe and Gillet or Avery; also two out of
four groups of electives. Of these Group IV
included Stewart’s Lessons .
Boston University: Stewart’s, B.
Syracuse University: Steele’s, or an equivalent.
Lehigh University: Stewart’s, Avery’s, or Gage’s.
Ohio Wesleyan University.
Adelbert College of Western Reserve University: Ele-
mentary.
Dennison University: Avery’s.
Northwestern University.
University of Denver; Physics.
University of Minnesota: Physics recommended, but not
required
.
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The following list consists of those institutions offer-
ing a non-classical course and requiring physics for entrance:
Massachusetts Institute of Technology
Syracuse University
Lehigh University
Ohio Wesleyan University
University of Cincinnati
Dennison University
Illinois Industrial University
Northwestern University
University of Michigan
University of Wisconsin
University of Minnesota
Cornell University, Iowa
University of Colorado
University of Denver
University of California
No definite amount of high school physics work was stipu-
lated except in two cases. The University of Cincinnati re-
quired six hours per week for one year; and the University of
Michigan required one full year.
In 1886 Harvard College decided to establish a laboratory
requirement in physics. This step was the start of a radical
change in physics teaching. Woodhull says, in speaking of
Elizabeth Mayo's (London) Lessons on Objects, revised by
Dr. Shelden.and brought out in the United States about 1826,
which was very popular and ran through fourteen editions in the
next thirty years, "Physics teaching in the high school, before
the colleges took a hand in the matter in 1886, was powerfully
influenced by this movement to teach from the object rather
than from the book and to take into consideration the nature
and requirements of the pupil when making a choice of matter
1
and method of instruction."
T
Woodhull (ante, footnote p.23)
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The Harvard Descriptive List issued by Harvard College
in 1887 and revised in 1889 with the title descriptive List
of Elementary Physical Experiments 1 was the first definite
step taken by the Universities to more or less dictate second-
ary school physics teaching. This was a list of laboratory
experiments defining very accurately the laboratory work nec-
essary to a course acceptable by Harvard for admission credit.
The former textbook work requirement, considerably increased,
remained as an alternative for those who could not command
laboratory facilities. This list contained forty-six experi-
ments, any six of which could be omitted. The criteria for
the selection of experiments had been that of practical utili-
2
ty. Hall and Bergen state, "The success of the course has
been very gratifying. It is now followed by hundreds of pupils
in the schools of New England, and is established in many other
places throughout the country", also, "at the examinations for
admission to Harvard College, held in 1891, more than half of all
the candidates in physics offered this course in place of the
alternative textbook course." The success of this Descriptive
List was largely due to the fact that at a time when "in view
of the inexperience of teachers and the very different standards
and methods likely to be adopted by them" the experiments were
"carefully thought out and described in much detail". The fol-
lowing statements are taken from the preface to the Descriptive
3
list :
"The objects to be sought in the course of experimental
physics which this pamphlet describes may be stated thus: first
2
Preface, Hall and Bergen, »A textbook of Physics 1 (1893
Henry Holt & Co.)
3
Preface, Hall and Bergen.
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to train the young student by means of tangible problems re-
quiring him to observe accurately, to attend strictly, and to
think clearly; second, to give practice in the methods by
which physical facts and laws are discovered; third, to give
practical acquaintance with a considerable number of facts and
laws, with a view to their utility in the thought and actions
of educated men”; "There must be a backbone of quantitative
work"; The directions for the experiments were often minute
but "are, however, intended to show how the experiments may
be done, not how they must be done"; "The teacher should de-
cide for himself how closely these directions are to be fol-
lowed, and should feel at liberty to substitute for the ex-
periments described other experiments covering equally well the
same points . This course in all its aspects is intended to
occupy the student about five school hours a week, with the usual
amount of study out of school, for one year"; "To secure the
objects of the course the student during the laboratory period
is placed, so far as this is practical, in the attitude of an
investigator seeking for things unforetold." To prevent waste
of time he must be guided in the proper direction, have probable
sources of errors called to his attention, and the established
conclusions in the end must always be made known to him.
Mann states, "The influence of the Descriptive List on the
development of physics teaching in America has been tremendous.
It appeared at the psychological moment when the demand for
object teaching, which had made its appearance here about 1848,
had reached its full force. It exalted this demand for object
teaching into a requirement of quantitative laboratory work.
,.
'
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It showed teachers and school boards how a laboratory method of
teaching could be introduced into the work in physics with the
use of materials at hand, and with a small outlay for equipment.
Its insistence on careful, neat work, and its firm stand for work
of a scientific character made its influence on physics teaching
4
a most salutary one for many years." According to Professor
Clarke’s report in 1080 there were but four schools in the
country giving a full year’s work in physics with laboratory work
by the pupils. Three decades later it was an exceptional school
that did not have its physics laboratory and a reasonable amount
of apparatus for laboratory work by the pupil. To quote Mann
again, "As a result of this movement, the American public high
schools now (_1912j have laboratories, while the schools in France
5
and Germany are just beginning to secure them."
4
Mann, C. R. The Teaching of Physics, Page 58.
5
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CHAPTER X
SCIENTIFIC STUDT OF PHYSICS PROBLEMS
Towards the close of the 19th century we find that edu-
cational problems were becoming the subjects of scientific
study. Because of the significant place that physics was
assuming in the secondary curriculum it was only natural that
this subject should receive an important place in this sci-
entific study.
1
The findings of the Conference of Physics, Chemistry,
and Astronomy of the Committee of Ten, as reported to the
National Educational Association in 1894, contained twelve
specific recommendations regarding the teaching of high school
physics. These are quoted here to show the trend of physics
thinking at this time:
"This Conference recommends:
1. "That the study of simple natural phenomena be intro-
duced into the elementary schools and that this study, as far
as practical, be pursued by means of experiments carried on by
the pupil; also that in connection therewith, in the upper
T
Report of the Committee of Ten on Secondary School Studies
with the Reports of the Conferences arranged by the Com-
mittee, PP-117-123. American Book Co. 1894.
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grades of these schools, practice be given in the use of sim-
ple instruments for making physical measurements.
2. ’’That, wherever this is possible, special science
teachers or superintendents be appointed to instruct the
teachers of elementary schools in methods of teaching natural
phenomena.
3. ’’That the study of chemistry should precede that of
physics in high school work.
4. ’’That the study of Physics be pursued the last year of
the high school course, in order that the pupils should have
as much mathematical knowledge as possible to enable them to
deal satisfactorily with the subject.
6. ’’That at least 200 hours be devoted to the study of
Physics in the high school.
8. "That both Physics and Chemistry be required for ad-
mission to college.
11. "That there should be no difference in the treatment
of Physics, Chemistry, and Astronomy, for those going to col-
lege or scientific school, and those going to neither.
13. "That in secondary schools Physics and Chemistry be
taught by a combination of laboratory work, textbook, and
thorough didactic instruction carried on conjointly, and that
at least one-half of the time devoted to these subjects be
given to laboratory work.
14. "That laboratory work in Physics should be largely of
a quantitative character.
15. "That careful note-book records of the laboratory work
in both Physics and Chemistry should be kept by the student at
t s
'
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the time of the experiment.
16. ’’That the laboratory work should have the personal
supervision of the teacher at the laboratory desk.
17. "That the laboratory record should form part of the
test for admission to college, and that the examination for ad-
mission should be both experimental and either oral or written.
21. "That in the instruction in Physics and Chemistry it
should not be the aim of the student to make a so-called re-
discovery of the laws of these sciences.
22. "That a committee to consist of Mr. Fay and Mr. Krall
have charge of making out a list of 50 experiments in Physics,
and 100 experiments in Chemistry, to be subject to the approval
of the Conference."
2
The list of experiments recommended above was given as
suggestive to those teachers who wished to "know the kind and
degree of difficulty of experiments suitable for preparation
fo r admission to college in physics". This list of experiments
differed from the Harvard Descriptive List in only two im-
n
portant points: namely, it adds "Find the coordinates of a given
»T
curve drawn on coordinate paper, and plot a curve from given
coordinates"; and "Relation of the acceleration of falling
bodies to the moving force". These two additions, together
with the recommendation that physics come in the fourth year
so as to insure satisfactory mathematical knowledge, and the
selection of experiments that were "suitable for preparation
for admission to college", indicate very clearly just how great
was the gravitation toward the colleges and toward the uni-
versity physics during the period 1884-1893.
2
This list is given in the Appendix (B).
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These recommendations and the list of experiments did not
materially change the teaching of physics at that time but
rather they found their chief educational value in setting be-
fore the teachers of the country the problems that were most
urgent of solution.
The Report of the Committee of Ten had no sooner been ac-
cepted than a new investigation of the secondary school problem
was started. In order to bring the high school and college
into closer harmony the National Educational Association in
1895 appointed a committee to study the question of college en-
trance requirements. This investigation was to have far-
reaching effects, and the committee was given the official title
of Committee on College Entrance Requirements.
The committee's work was hampered by lack of funds, but
was pursued by collecting opinions and statistics. Preliminary
reports were submitted at the National Educational Association
3
meetings in 1896 and 1897. The first of these reports showed
a wide range of college entrance requirements in physics, such
as: of sixty- seven representative colleges, twenty-seven re-
quired physics for entrance; ten more would accept physics as
an optional subject; and nineteen required no science at all for
entrance. Haverfoid College required elementary physics and
human physiology of all applicants in the B.S. course who did
not present Latin; and at Bowdoin College the applicant might
offer physics or chemistry in place of Greek or Greek History
in the B.S. course. The report closes by saying, "In summa-
3
Preliminary Report of the Committee on College Entrance
Requirements School Review. Vol. 4 No. 6 June 1896.
PP 341-460.
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tion we notice that while the average requirement is very low,
incoherent, and illogical, yet there are 34 institutions
recognizing physics, ".
Meanwhile large numbers of the teaching body of the
country had become interested in the problems confronting this
committee and it was decided to enlarge the work. This was
done by securing the appointment of committees from the New
England Association of Colleges and Secondary Schools; the
Association of the Middle States and Maryland; the Southern
Association; and the North Central Association. These commit-
tees were to assist the national committee in its investiga-
tions.
4
The final report of the national committee was presented
in 1899 embodying the results of four years of investigation.
The following recommendations concerning physics were contained
in this report:
1. "That in public high schools and schools preparatory for
college physics be taught occupying not less than one year of
daily exercises, more than this amount of time to be taken for
the work if it is begun earlier than the next to the last year
of the school course
.
2. "That' this course of physics include a large amount of
laboratory work, mainly quantitative, done by the pupils under
the careful direction of a competent instructor and recorded by
the pupil in a note-book.
4
Report of the Committee on College Entrance Requirements.
Proceedings of the National Educational Association 1899.
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3. ”That such laboratory work, including the keeping of
a note-book and the working out of results from laboratory
observations, occupy approximately one-half of the whole time
given to physics by the pupil.
4. ’’That the course also include instruction by textbook
and lecture, with qualitative experiments by the instructor,
elucidating and enforcing the laboratory work, or dealing with
matters not touched upon in that work, to the end that the pupil
may gain not merely empirical knowledge, but, so far as this
may be practicable, a comprehensive and connected view of the
most important facts and laws in elementary physics.
5. ’’That college-admission requirements be so framed that
a pupil who has successfully followed out such a course of
physics as that here described may offer it toward satisfying
such requirements.”
The committee recommended that physics be given the third
year of the course with at least four periods a week throughout
the year. It also emphasized the value of building the curriculum
around a certain number of constants, one of these being a unit
of science.
The report also contained an ’’Outline of Laboratory Work in
Physics for Secondary Schools” suggested by Professor S. H. Hall
of Harvard University, chaiiman of the physics committee of the
Association. Professor Hall’s suggestion was that at least
thirty-five exercises be selected from a list of sixty or more,
5
similar to those in the list of sixty-one which he presented.
5
Professor Hall’s list of experiments are given in
Append ix ( C )
.
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Ten or more were to be selected from mechanics; the exercises
in light were optional; and each remaining division was to be
represented by at least three exercises. The list is divided
into two parts, the object being to encourage the beginning of
the study of physics early in the school course. The experi-
ments in the first part are adapted to young pupils.
Professor Hall writes, "In this supplementary part of the
report the matter relating to physics is little more than the
Table of Contents of the Harvard Descriptive List and two para-
graphs taken, almost without change, from the introduction to the
6
list". Also, "on the subject of this chapter (Physics in Va-
rious Kinds of Secondary Schools) we have something approaching
the authority of official utterance in the various publications
of the National Education Association during the past ten or
7
twelve years". However, the "authorities of official utterance"
had neglected in the Report of 1899 to guide the teacher in his
class room work as to the selection of subject-matter or appro-
priate method of presentation. The result v/as that textbook
writers of the time assumed this burden and their books during
the next few years show how they helped to fix the course in
physics.
As soon as the Report of the Committee on College Entrance
Requirements had been adopted, including, as it did, the Harvard
Descriptive List, now backed up by the "authority of official
utterance", a number of apparatus companies placed on the market
complete outfits for doing all the experiments in this list.
6 ‘
Smith and Hall. Teaching of Chemistry and Physics in
Secondary Schools, Page 329.
7
Ibid., Page 327.
,,
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This National Physics Course* was adopted extensively through-
out the country and exerted a tremendous influence toward fixing
the nature of the course.
To show how firmly this *National Physics Course* had be-
come intrenched by 1906 needs but an examination of an investiga-
8
tion conducted that year by a committee of the Central Associa-
tion of Science and Mathematics Teachers. A quest ionaire con-
taining one hundred and one experiments was sent out to physics
teachers in all parts of the country and two hundred and seventy-
five replies were received. Each teacher checked those experi-
ments he considered essential to the course. Forty-seven ex-
periments were voted essential by the majority of replies, and
twenty-nine of these were declared to be essential by two-thirds
of the replies. Of the forty-seven experiments considered essen-
tial, thirty-six were contained in the Harvard list as contained
in the Report of the Committee on College Entrance Requirements;
and of the twenty-nine experiments voted essential by two-thirds
of the replies, twenty-six were in that list.
The Harvard Descriptive List stands out as a decided asset
to the teaching of physics for a number of years after its publi-
«
cation in 1887. It resulted in the establishment of laboratories
and emphasized measurements and quantitative work. But, as Mann
states, ’’When, however, it became clothed with the ’authority of
official utterance’, and was baptized ’National Physics Course’
by the apparatus dealers, its vitality was gone. It has now
£l912^ became an institutionalized form, which, like all such
8
A ££ew Movement Among Physics Teachers, Circular II, School
Review. Vol. 14 June 1906, Page 429.
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9
forms, first blocks the way of progress, and then fades away”.
An exhaustive study of these two reports, namely, the Report
of the Committee of Ten, and the Report of the Committee on Col-
lege Entrance Requirements, shows that two vital problems in the
teaching of Physics were becoming recognized. To the present
day these same two problems are receiving much pedagogical at-
tention. They are: first, the problem of the differentiation
of the course in physics to meet the demands of the various
classes of pupils who study the subject; and second, the problem
of the method of teaching physics.
9
Mann, C. R. The Teaching of Physics, Page 65.
'.
CHAPTER XI
SECONDARY SCHOOL PHYSICS BECOMES TOO MATHEMATICAL AND ABSTRACT
In practically all the textbooks in Physics published be-
fore 1870 we find very few expressions of principles in al-
gebraic form. The diagrams also were almost always taken from
the actual thing, and geometrical representation of simple
machines was practically unknown. In the preface to Olmsted’s
Natural Philosophy for Schools and Academies (1838) the
author says the text includes "exhibitions of the principles
of Natural Philosophy with very copious applications of them
to the arts and to the phenomena of nature". Again, in the
preface to Q,uackenbos’ Natural Philosophy (1859) we read,
"Exhibiting the applications of scientific principles in
everyday life". Even in the preface to Avery’s First Princi-
ples of Natural Philosophy (1884) the author says - "Especial
care has been taken to provide simple
,
teaching experiments
which do not require expensive apparatus. The latest develop-
mentsof science, such as the introduction and use of elec-
trical units, have been freely utilized; the mere polemics of
physics has been ignored". The experiments are qualitative
in character and the book contains but a few simple mathe-
matical problems.
.
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By the end of the century textbooks had undergone a radical
change. In 1895 Avery’s School Physics was issued, and in its
preface we read, "In this book will be found an unusual number
of problems. For several years there has been a growing
tendency in the high schools of the country to indulge in
laboratory methods. An effort has been made to adapt this book
to such needs". In accordance with this last statement, a
large number of quantitative experiments are given. Carhart
and Chute’s Elements of Physics published in 1896 states in
the preface that "the time-honored recitation method has gone
out and the laboratory method has come in". It condemns the
"original discovery" method and claims: "Before the pupil is
in any degree fit to investigate a subject experimentally, he
must have a clearly defined idea of what he is doing, an out-
fit of principles and data to guide him, and a good degree of
skill in conducting an investigation". The book’s aim is de-
fined to "formulate clear statements of laws and principles",
and puts physics on a mathematical basis by reducing laws and
principles to mathematical formulas, and uses many problems to
give the pupil ability to manipulate these formulas and to in-
terpret physical laws in terms of mathematics. This book was
perhaps the most scientific textbook in physics that had yet
appeared for use in the secondary schools, and is an excellent
representative of that class of textbooks which made of physics
teaching an extremely mathematical and technological one by the
end of the century.
Chute’s Physical Laboratory Manual (1899) likewise em-
phasized accuracy of observation and measurement by making the
Boston University
School of Education
Library
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.
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problems quantitative, or in the words of the author, "The
educational value of practical physics does not lie in the so-
called discovery of laws, nor in the experimental demonstra-
tion of principles. But, rather, its value lies in the train-
ing it gives in attention to details, in the cultivation of
accuracy in observing the smallest changes, in the formation
of systematic methods of working, in developing the ability to
reason back to a general law from a particular set of observa-
tions, and in cultivating habits of precise expression of ideas
and principles on the pages of the note-book. "
The reasons for the extreme development of the mathematical
and abstract in physics teaching were contributed from the fol-
lowing sources:
The Committee of Ten had demanded specially trained teachers
and quantitative work in the laboratory. The Committee on
College Entrance Requirements contained the following resolution:
"Resolved, that the teachers in the secondary schools should be
college graduates, or have the equivalent of a college educa-
tion", saying that, "The time is past when a superficial knowl-
edge of a variety of subjects, coupled with a knack for giving
instruction and some administrative ability, can be considered
sufficient qualifications for teaching in our high schools. "
This demand for specially trained teachers brought into the
schools men and women who were inclined to teach from the col-
lege point of view, with its research and mathematical basis.
Another contributing factor was the influence of the college
entrance examinations. The high school that wished to enter
its graduates in the leading colleges of the day was forced to
.j it ' $ .
«
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meet the demand for a scientific training in physics. Last of
all, we have the textbook writers who were often college or
university instructors, or secondary school teachers with special
university training in physics.
These various forces operated to put physics teaching on
a scientific basis, and to make of the high school a stepping
stone to the university. We thus see the high school laboratory
transformed in about two decades from the elementary experiment-
ing room where Gage’s pupils turned out notebook records at the
rate of one experiment every twelve minutes - five an hour -
to a scientific workshop where the pupil measured, weighed, ob-
served, and tabulated the data on thirty-five to forty exercises
in a full year’s course of about one hundred and fifty labora-
tory hours.
The end of the century also saw teachers and textbook
writers take a more rational view of the importance of the
laboratory emphasis in physics teaching. The change from a purely
book course to one involving individual laboratory work, as with
most radical changes, had been indulged in to an extreme, and
the pendulum now began to swing back again. Chaotic conditions
existed as a result of this over-emphasis of laboratory work
to the practical exclusion of the textbook method.
The textbook writers picture the conditions at the end of
the century clearly in the following quotations, taken from
the prefaces of several textbooks of this period. Carhart and
Chute (1892) say, ”A few years ago it seemed necessary to urge
upon teachers the adoption of laboratory methods to illustrate
the textbook; in not a few instances it would now seem almost
t'
.
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necessary to urge the use of a textbook to render intelligible
the chaotic work of the laboratory". Avery (1895) writes,
"The class-room work must be kept ahead of the laboratory work
In Henderson and Woodhull’s text (1900) we read, "Both laboratory
and classroom work are essential to a correct knowledge of ele-
mentary physics, and they should correlate". Torrey’s
Chemistry (1899) stresses the situation by the remark, "Chemis-
try has suffered from the irrepressible wave of laboratory mad-
ness which has swept the whole educational world".
It was also at this time that educators began to question
the infallibility of the inductive method. Carhart and Chute
(1892) describe very clearly how the inductive method or attempt
at it results in failure. Neither does Avery (1895) appear to
think that high school pupils can work by the inductive method.
Hortvet (1899) even goes so far as to say in the preface of his
textbook, "It is found in practice that the purely inductive
method fails at points where it is expected to do the most good."
.
CHAPTER XII
DIFFERENTIATION OF THE SECONDARY SCHOOL
COURSE AND ITS EFFECT ON PHYSICS TEACHING
The Committee of Ten sought to establish a uniform re-
quirement for entrance to college, and consequently a uni-
foim high school course, despite the constant tendency in
the opposite direction. The preliminary report of the Com-
mittee on College Entrance Requirements in 1896 had stated,
n In pleading for a uniformity in college entrance require-
ments there are a few vital facts which cannot be ignored:
First, the triple function of the public high school, namely,
to equip pupils for the business of life; to give a proper
training to those who will teach in the common schools; and
to prepare for college. Secondly, a majority of our young peo
pie who go to college, come to a decision late in their second
ary course. Thirdly, every young man or woman who has success
fully devoted at least four years to earnest study in a well-
equipped secondary school, should be admitted to any college
in the country, whether such a pupil has devoted the greater
part of his time to Latin, Greek and mathematics, or to Latin,
modern languages and mathematics, or to Latin, mathematics
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and the sciences, or to any other combination of studies,
which has developed his power and been in hannony with his
intellectual aptitudes. To this end, a secondary course of
study should be thoroughly elastic and with varied electives,
suited to the talents of the individual child; a college course
should be still more elastic and with a large number of elec-
1
tives ". In its final report (1899) these ideas were put
in the form of resolutions together with a resolution recommend-
ing that physics in college be a suitable sequel to high school
physics and not a repetition.
Gradually, as the elective system in the secondary schools
gained ground, the colleges slowly let down the bars in their
entrance requirements and permitted a wider range of subjects to
be offered for admission.
But back of this entire movement to widen and diversify the
channels of education we find an even stronger force - the same
one that operated to first put science into the secondary schools
and later to help establish the laboratory method - namely, the
economic and industrial demands of the people. The Committee of
Ten said, "The secondary schools of the United States, taken as
a whole, do not exist for the purpose of preparing boys and girls
for colleges. Only an insignificant percentage of the graduates
of these schools go to colleges or scientific schools. Their
main function is to prepare for the duties of life that small
proportion of all the children in the country - a proportion
small in number, but very important to the welfare of the nation
who show themselves able to profit by an education prolonged to
T
School Review Vol. 4 No. 6 June 1896 Page 422.
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the eighteenth year”, also, ”A secondary school programme in-
tended for national use must therefore he made for those chil-
dren whose education is not to be pursued beyond the secondary
school. The preparation of a few pupils for college or scien-
tific school should in the ordinary secondary school be the in-
cidental, and not the principal object”. Thus the schools be-
gan to recognize their function as that of equipping pupils for
life, and the adoption of the elective system in its course of
study was inevitable.
With the uniform high school course, and often the re-
quired study of physics, the colleges had been able to require
and demand the mathematical and abstract type of physics in the
high school. But with the adoption of the elective system the
foimer compelling forces, such as graduation from the high school
or admission to college, disappeared, and it began to be recog-
nized that unless the type of physics then in vogue and which
did not appeal to the average boy or girl, was radically changed,
a depopulation of the physics classes would naturally result.
With the physics course on an optional basis its election became
less and less frequent except by those who wished to enter a
higher scientific school. Thus, beginning with the twentieth cen-
tury and continuing even today we find that a reform movement
has come about in physics teaching so that it may better serve
its proper function toward the great masses of the school popula-
tion, namely, to teach the applications of physics to life.
.*
V
.
CHAPTER XIII
PHYSICS TEACHING IN THtC FIRST HECADE OF THE TWENTIETH CENTURY
This reform movement in physics teaching in the United
States has been chiefly the result of voluntary action of the
teachers themselves in trying to work out their own methods and
be a factor in shaping the educational system. Its aim can be
described as "the vitalizing of physics teaching”. Secondary
school teachers throughout the country during the first decade
of the new century were trying to popularize physics by making
it a live and interesting subject, full of information about
phenomena of everyday life.
C. R. Mann describes the spirit of the movement by comparing
the old with the new. Of the old ideas of science he says,
"These definitions make of science a large museum of classified
and organized facts, carefully arranged in glass cases, each of
which bears prominently the inscription, 'Hands Off f . The student
is invited to inspect our collection, and to learn the names and
order of our well-arranged curios; but he is not as a rule asked
to take part in their organization, nor is he even given a chance
to find out what the methods and processes of such organization
.'
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are”. Of the new ideas, he says, ”We have only to arrange the
material so that each fact appears as a step in the process of
obtaining a more general result, instead of presenting it as a
separate and distinct result by itself. Then science appears as
1
an organizing process rather than as an organized result ”
.
Two books appeared in 1906 embodying the principles of the
reform movement; one was A First Course in Physics by Millikan
and Gale, and the other was Physics by Mann and Twiss. In the
preface to Millikan and Gale we find, ”The books {text and manual]
represent primarily an attempt to give concrete expression to a
rapidly spreading movement to make high school physics, to a less
extent than it has been in the past, either a condensed repro-
duction of college physics, or a mathematical and mechanical in-
troduction to technical science, and to a greater extent than it
has heretofore been, a simple and immedi ate presentation
,
in
language whi ch the student already understands
,
of the hows and
whys of the physical world in which he lives. ” In the preface to
Mann and Twiss we read, ”We have endeavored to strengthen the
presentation of the subject, and aid the teacher in three ways:
I. By arousing interest. II. By developing the scientific habit
of thought. III. By presenting some of the principles from the
historical standpoint", and "Interest is rarely stimulated in
youth by elegant and abstract mathematical treatment; nor is it
often aroused by rigorous logical demonstrations. It is aroused
by beginning with some concrete thing that goes - something that
is already familiar".
T
School Review, Vol. 14 November, 1906. C. R. Mann, Science
in Civilization and Science in Education, PP 664-670.
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The last statement is characteristic of the new texts of
this decade. The student is brought to the physical laws and
principles by commencing the study with familiar knowledge.
Some of the more abstract topics were omitted and the rest were
stated in clear understandable language, from the experimental
and historical points of view. Both of the above textbooks
retained most of the mathematical formulas and the mathematics,
but tried to present the subject from the viewpoint of everyday
life rather than from the mathematical standpoint - thus,
helping to meet the demands of the reform movement for better
methods.
The first five years of the century saw no concerted action
on the part of teachers to bring about the needed reforms.
However, various writings and discussions in all parts of the
country during these years were giving progress and stimulus to
the reform movement
.
In 1905 the Central Association of Science and Mathematics
Teachers appointed a committee of three to consider the advisa-
bility of approving the list of experiments adopted by the
National Educational Association in the same year, as suitable
for a high school course of one year in physics, also "to take
such other steps as might seem desirable for strengthening the
work in elementary physics". A circular containing a list of
experiments, compiled by combining lists proposed by the North
Central Association of Colleges and Secondary Schools and the
National Educational Association, was sent out to a large num-
ber of physics teachers in order to get a consensus of opinion
concerning the kind and amount of work that should be done in a
..
.
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year’s course in laboratory physics. The answers received showed
a wide variation of opinion on several phases of physics teach-
ing, and in the experiments considered essential. They showed
also such wide-spread interest in the problems at hand that it
was decided to enlarge the work of the committee and conduct
it toward the specific end of determining a definition of the
physics unit and the making of a satisfactory syllabus for it.
In accordance with this plan the committee invited various in-
terested associations to appoint committees to cooperate in this
work. Committees were appointed from: North Central Association
of Colleges and Secondary Schools; Michigan Schoolmasters* Club;
New York State Science Teachers* Association; the American
Physical Society; New Jersey State Science Teachers* Association;
Chicago and Cook County High School Teachers* Association;
New York Physics Club; Missouri Society of Teachers of Mathe-
matics and Science; and a little later from The Indiana State
Science Teachers* Association; the Pacific Coast Association;
and the Eastern Association of Physics Teachers. The joint
committee consisted of forty-eight members and organized them-
selves into a permanent National Commission on the Teaching of
Elementary Physics with Professor C. R. Mann as their first
chairman.
The commission continued the work already begun with the
two-fold purpose, as stated in one of its circulars: "First, to
find out just what is wanted by the teachers as a whole for the
improvement of physics teaching; and second, having found this
out, to attempt to secure it for them". The work extended over
a period of two and a half years, or till the middle of 1908
,
six circulars in all being sent out in an effort to investigate
.-
-
.
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the conditions of physics instruction, the proper physics unit
and syllabus, and the secondary school - college relations.
The results obtained did not solve the difficulties but did
materially help in crystallizing these difficulties for the teachers
of the country. They revealed the wide and varied disagreement
among physics teachers as to the fundamental principles of their
work, and the lack of harmony between secondary schools and col-
leges in regard to the proper continuation of the physics course.
They also helped to clear up the questions of: the proper propor-
tion of qualitative and quantitative work; the proper amount and
relation of mathematics; and the agreement of a uniform course for
all schools. The committee 1 s specific aim was accomplished in the
publication of a definition of the unit in physics and a syllabus
2
of required topics to go with the unit. The report of the
national commission was adopted by the various members of the com-
mission, the only dissenting opinions, which were voiced by sev-
eral, being "that a uniform course in physics for all schools is
both undesirable and unattainable"; "that syllabuses should deal
with the barest outline of general principles, leaving each
teacher free to fill up the course according to his best judgment";
"that examinations for college entrance should be confined to the
general principles specified in the syllabus "; and "that a
syllabus was not desirable."
Having finished this investigation the National Commission
decided in 1908 to organize a symposium to determine "What should
be the purpose of the instruction in physics in the secondary
schools?" Twenty men, representing psychologists, educators,
college physicists, and normal and secondary school men were
invited to participate in the symposium. It was carried
2
This unit in physics, and syllabus are given in Appendixes
(D) and (E).
'.
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on through the pages of the periodical School Science and
Mathematics from December, 1908 to March, 1909. Such men as
Nicholas M. Butler, John F. Woodhull, Henry Crew, H. M. Chute,
0. Stanley Hall, Albert A. Michelson, George R. Twiss,
R. A. Millikan, John Dewey, and others equally as prominent in
educational work, sent in contributions. The results showed
considerable disagreement as to the specific function of physics
in the high school, but the majority of opinions favored the idea
that the pupil should be taught to comprehend the world about
him; that physics should be a living subject, appealing to the
interest of the pupil; and that mathematics and measurement
were of secondary importance in the study of elementary physics.
During the last half of this first decade practically all
science organizations throughout the country were taking an
active interest in investigating various local and general
problems, and from the results, attempting to determine scien-
tific methods. It was during this period that the American
Federation of Teachers of the Mathematical and Natural Sciences
was formed. This Federation was composed of seven of the promi-
nent science associations of the country and its purpose was to
serve as a f clearing house* for its members. In 1908 it became
affiliated with the American Association for the Advancement
of Science and President H. W. Tyler was elected as the Federa-
tion’s representative to the Council of the Association. Thus,
this period saw built up a more effective grouping of those
interested in science in order to "promote the advancement and
improvement of science teaching.”
Another outstanding feature of this period was the vast
amount of discussion aimed at improving physics teaching. No
t.
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part of the country or of the subject was neglected, and the
educational and professional magazines of the country distributed
the discussions far and wide. The weight of opinion favored the
practical, the industrial, and the applied science and denied
the mathematical and abstract type. It was emphasized that
physics must be taught so that the pupil would understand the
world about him in terms of his own life and experience.
Frank B. Spaulding, of the Boys’ High School, illustrates
the spirit of the time in his talk before the Physics Club of
New York on the subject, "What Knowledge (of Physics] is of
3
Most Worth?” by stating the following four propositions:
1. ”The interests and needs of the pupil should be the
determining factor in the arrangement of courses and the choice
of method.
2. ”It follows that a high degree of uniformity in teach-
ing physics is neither practical nor desirable.
3. ’’Wherever practical, different courses should be pro-
vided for girls and boys.
4. "Physics should be taught not as a preparation for col-
lege but as a preparation for life.”
Similar articles throughout the country were stressing the
need of teaching physics from the standpoint of the pupil
,
rather than from the standpoint of the subject .
3
School Science and Mathematics. November, 1908.

CHAPTER XIV
COLLEGE REQUIREMENTS ARE MODIFIED TO MEET
THE CHANGES DEMANDED BY THE REFORM MOVEMENT
It was quite essential to the success of the reform move-
ment that there should he better correlation between the col-
leges and the secondary schools. The two most potent factors
that had kept secondary school physics on a quantitative and
mathematical basis were the college entrance requirements and
the university-trained specialists in the secondary schools.
There was much agitation for greater freedom on the part of
the high school to shape its own course, and for more liberal
provision on the part of the colleges to accept, for entrance,
such courses in physics as the secondary schools, under their
varied conditions, could successfully give.
Part of this agitation came from college professors them-
selves, who began to recognize that secondary school physics
demanded a more elementary and less rigidly scientific and
mathematical presentation than advanced physics. Professor
George H. Mead, of the University of Chicago, wrote that the
’’university influence upon the study of science has not been
c '
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fortunate," resulting in the isolation of science from the ex-
perience of the child, from the other sciences, and from the
language in which in a large degree it must be expressed; also
in restricting the extent of the field of high school science.
Professor R. A. Millikan, also of the University of Chicago,
in discussing Professor Mead’s paper, said, "This influence
has been unfortunate (1) because it has tended to force uni-
versity methods and university material into a sphere of educa-
tion to which they are wholly unsuited, and (2) because it has
tended to restrict high-school physics to too narrow a field,
making it, to too large an extent, a minute study of the mathe-
matical and mechanical foundations upon which technical science
is built, rather than an inspiring insight into the meaning of
the physical world."
Regarding the influence of the graduate instruction of the
universities upon the instruction in the secondary schools
Thomas K. Balliet, Dean of the School of Pedagogy of New York
University, wrote, "The highly specialized training of the best
graduate schools seems to make it difficult for the young
teacher to view his work from the standpoint of his pupils
2
rather than from that of his subject.” He suggests a remedy
by having the graduate school make a distinction between two
classes of students - those preparing to teach in universities
and colleges, and those preparing to teach in the secondary
1
School Review April, 1906.
2
Paper read before the Association of Colleges and Prepara-
tory Schools of the Middle States and Maryland, November,
1907.
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schools, the latter group being permitted to work in a broader
field, without the narrow specialization of the former group.
He deplores the existing general conditions by saying, ’’That
this ’domination of the colleges’, as it is termed, is, how-
ever, not always wholesome, is indeed, in some respects to a
marked degree harmful, is a familiar fact.”
President David S. Jordan, of Stanford University, wrote,
”The high school as thus defined has these duties clearly in-
dicated: to give a rounded development of physical and mental
powers, so that no line of talent shall perish by default; it
should indicate and emphasize that foim of ability which will
count for most in the conduct of life and it should do its
foundation work with such thoroughness that the higher education
may be built upon it with the certainty that the attainments
shall be solid so far as they go. This is all that the col-
leges and universities have the right to ask, and for them to
specify certain classes of subjects regardless of the real in-
terest of the secondary schools and their pupils is a species of
impertinence which only tradition justifies. To demand thorough-
ness of secondary instruction and to enforce this demand in any
practical way is the duty of the college, but the question of
what the high schools shall teach is a question for those schools
3
to decide for themselves.”
By the year 1910 it was evident that there was a decided
tendency on the part of colleges and universities to allow the
secondary schools a greater part in forming college entrance re-
quirements. At a meeting of the College Entrance Examination
3
Popular Science Monthly, July, 1908.
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Board on May 11, 1907, the constitution was amended by adopting
the article "The chairman of the Board shall, with the approval of
the executive Committee, appoint annually a Committee of Review,
to consist of seven members, three of whom shall be representa-
tives of secondary schools. " . This Committee of Review was
to consider all criticisms and recommendations received, and to
make definite recommendations in regard to modification of the
requirements
.
In the report of the Commission on Accredited Schools and
Colleges of the North Central Association of Colleges and
Secondary Schools for 1910, the definition of the unit in physics,
as adopted by the last Association in 1908, was revised. Sec-
tions five and six were made to read as follows:
5. "In the laboratory the student shall perform at least
thirty individual experiments, and shall keep a careful notebook
record of them. At least twenty of these should involve numeri-
cal work and the determination of such quantitative relations
as may be expressed in whole numbers. Such quantitative work
should aim to foster the habit of thinking quantitatively, but
should not attempt to verify laws with minute accuracy nor to
determine known physical constants with elaborate apparatus. The
list of topics covered by these quantitative experiments should
not differ widely from the list of starred topics in the sylla-
bus.
6. "The classwork should aim to build up in the student’s
mind clear concepts of physical terms and quantities, and an in-
tuitive appreciation of the general principles which make up the
syllabus. He must be trained in the use of these principles in
the solution of simple, practical, concrete numerical problems."
..
.
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The College Entrance Examination Board issued a document
December 1, 1910 containing a full statement of its requirement
in physics. It approved the following general definition of a
unit: "A unit represents a year’s study in any subject in a
secondary school, constituting approximately a quarter of a year’s
work,” which had been formulated by the National Conference Com-
mittee on Standards of Colleges and Secondary Schools. The
Board’s general statement on the unit in Physics was as follows:
1. "The Course of Instruction in Physics should include:
(a) "The study of one standard text-book, for the pur-
pose of obtaining a connected and comprehensive view of the
subject. The student should be given opportunity and encourage-
ment to consult other scientific literature.
(b) "Instruction by lecture table demonstrations, to be
used mainly for illustration of the facts and phenomena of
physics in their qualitative aspects and in their practical ap-
plications.
(c) "Individual laboratory work consisting of experi-
ments requiring at least the time of J30 double periods, two hours
in the laboratory to be counted as an equivalent of one hour of
class-room work. The experiments performed by each student
should number at least 30. Those named in the appended list are
suggested as suitable. The work should be so distributed as to
give a wide range of observation and practice.
’The aim of laboratory work should be to supplement the
pupil’s fund of concrete knowledge and to cultivate his power
of accurate observation and clearness of thought and expression.
The exercises should be chosen with a view to furnishing force-
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ful illustrations of fundamental principles and their practical
applications. They should be such as yield results capable of
ready interpretation, obviously in conformity with theory, and
free from the disguise of unintelligible units.
"Slovenly work should not be tolerated, but the effort
for precision should not lead to the use of apparatus or pro-
cesses so complicated as to obscure the principle involved.
2. "Throughout the whole course special attention should be
paid to the common illustrations of physical laws and to their
industrial applications.
3. "In the solution of numerical problems, the student should
be encouraged to make use of the simple principles of algebra and
geometry to reduce the difficulties to a solution. Unnecessary
mathematical difficulties should be avoided and care should be
exercised to prevent the student from losing sight of the concrete
facts in the manipulations of symbols.’'
This definition of the unit was accompanied by a syllabus
which included a detailed outline of the fundamental topics of a
4
year's course in physics, and a list of experiments, selected
so as to meet the requirement for a laboratory course.
In June, 1911, Harvard University put into effect a new
plan of admission, which was not intended to displace the old
plan but to supplement it and to make possible the admission of
promising students who, under the old plan, would be barred on
account of not having fulfilled the requirement for a prescribed
course of study. Under the new plan a student might be admitted
upon presenting a detailed statement of his secondary school
4
This list is given in Appendix (F)
.
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work and passing an examination in four subjects. The statement
must show that the student had covered an approved high school
course satisfactorily, and must give in detail the subjects and
ground covered, time devoted to each subject, and quality of work
done. The student must have had a four years’ course, and con-
fined his work chiefly to the subjects of languages, science,
mathematics, and history - none of these subjects being omitted.
Two studies must have been pursued sufficiently to satisfy the
requirements of the College Entrance Board or the advanced
Harvard entrance examination.
Having met all these requirements the student might pre-
sent himself for examination in four subjects: (a) English;
(b) Latin, or for candidates for the S.B. degree, French or
German; (c) Mathematics, or Physics, or Chemistry; (d) Any
subject not already elected under (b) and (c). The student was
admitted, if at all, without condition, failure to pass any of
the examinations barring admission.
The University of Chicago also adopted an entirely new plan
of entrance requirements in 1912. The essential features of the
new plan were: The student must present by certificate from an
approved school or by examination 15 units of entrance credits.
Among these there must be 3 units of English, and in addition
1 principal group of 3 or more units, and at least 1 secondary
group of 2 or more units. The additional groups were to be
selected from the following subjects:
1. ’’Ancient Languages (Greek and Latin), it being understood
that to make a group of 2 or of 3 units the work must be offered
in a single language.
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2. "Modern Languages other than English, .
3. "Ancient History, Mediaeval and Modern History, English
History, United States History, Civics, Economics.
4. "Mathematics.
5.
?TPhysics, Chemistry, Botany, Zoology, General Biology,
Physiology, Physiography, General Astronomy.
"In group 5 not less than 1 unit may be offered in either
Physics or Chemistry. Any combination of the subjects within
each group is permitted.
"Of the 15 units offered for entrance at least 7 must
be selected from the subjects in groups 1 to 5. Not less than
1/2 unit may be offered in any subject.
"The remaining 5 units may be selected from any subjects
for which credit towards graduation is given by the approved
school from which the student receives his diploma; but Greek,
Latin, French, German (or any language other than English),
Mathematics, Physics, and Chemistry, if offered, but not as above
under 1 and 5, must each consist of at least 1 unit. —
"
Students would not be allowed to enter with conditions.
It is very evident from what has been said that there was a
strong tendency in entrance requirements in the direction of wide
election of subjects in the secondary school course. This to-
gether with the liberal choice of subject matter permitted by the
new definitions of the physics unit, and lists of experiments
emphasizing clear conceptions of principles with less use of
algebraic formulas, shows that the colleges and universities
were gradually allowing the secondary school to work out its own
courses. Students could now enter Harvard or the University of
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Chicago by offering physics without examination and without the
fulfillment of a rigidly prescribed course. Methods of physics
teaching and a content of the subject that would ’vitalize 1
secondary school physics were rapidly becoming established facts.
*
CHAPTER XV
EFFORTS TURN TO EFFECTIVE METHODS OF INSTRUCTION
The second decade of this century saw the gradual change from
the tasks of defining units and determining the number of experi-
ments to the vital problem of finding the most effective method
of applying the accepted plan of teaching. The textbooks of the
period endeavored to include such material and present it in such
a manner as to appeal to the every-day interests and common
knowledge of the pupil. Popular textbooks in use were Millikan
and Gale’s A First Course in Physics (1906); Crew and Jones’
Elements of Physics (1909); and Linebarger’s Textbook of Physics
(1910). Typical statements in the prefaces to such books were:
’’The book attempts to give a simple and immediate presentation
in language which the student already understands, of the hows
and whys of the physical world in which he lives”; and ’’Appeal
to the everyday experience not only of boys but also of girls -
show them physics as a science of daily life - assist the pupil
in explaining the material phenomena of the world about him.”
The revised edition of the Mann - Twiss (1910) eliminated much
of the abstract material of the first edition, and divided the
book into two parts: the first designed to meet the requirements
..
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of the definition of the physics unit as adopted by the North
Central Association of Colleges and Secondary Schools, and the
latter part intended for those desiring to pursue scientific
professions. The first part practically eliminated algebraic
formulas.
The first part of this decade also saw the weakening of the
emphasis upon the disciplinary aim that had been so strongly
intrenched for the several preceding decades. Educators were
questioning whether physics was able to give automatically the
mental training it was supposed to give. The new aim of meeting
the practical needs of the pupil in meeting life situations was
rapidly finding favor to the disadvantage of the mental disci-
pline aim.
Having in the schools a fairly well established plan of
teaching physics - recitation, lecture and demonstration work,
and a rather definitely defined course in laboratory experiments
we find the bulk of this decade's discussions, scientific meet-
ings and writings on trying to find the best method of effecting
this plan. Most physics teachers agreed that their work was two-
fold: to prepare a certain number for higher schools; and to pre-
pare the great mass, who go directly out into their various oc-
cupations, to interpret everyday life in terms of scientific
principles and make them better citizens.
J. M. Jameson, of Pratt Institute, calls attention to the
movement for industrial training, and the consequent need for
adjusting physics teaching to meet the demand of the people;
and indicates the spirit of the period when he says, "It is time
for physics teachers to recognize and discuss the situation fully
..
.
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for there can be no question as to the continued growth of the
educational ideas of which the present agitation for industrial
education is a direct outcome. These ideas appeal to the busi-
ness sense of the public, and command, therefore, the support
of manufacturers, of labor organizations, and of business men
of all classes, who see in a school training for industrial
life both the good of the community and advantages to their
children, which they themselves did not enjoy but which ex-
perience has taught them would have been of inestimable ser-
vice, and which the public schools, as now organized, do not
1
provide.” Herbert Brownell, Teachers College, The University
of Nebraska, writes, "It is my own thought that the laboratory
work is or should be made the center and heart of all high
school science teaching. There it is that the pupil makes
his study of things and of phenomena, and exercises himself
in intelligent observation, seeking to understand what is
noted and to interpret his observations. The requirements of
experimental work and its allied exercises constitute a series
of difficulties to be mastered, of problems whose solution
is sought. And it is to be noted in passing that in the se-
lection and adaptation of such a laboratory course there is
need to see to it that each succeeding exercise possesses an
2
inherent interest and worth which invites to earnest endeavor.”
One more quotation will be made to show the trend of physics
thinking during this period. Philo F. Hammond, of Palo Alto,
California, writes, "Physics should be an applied science -
should always have been an applied science. And when I say
T
School Science and Mathematics. March, 1912.
2
" " ” ” April, 1913.
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• applied’ I do not mean applied to something the student can
use to earn a livelihood, but rather that physics should be
taught in such a way that the student can and will apply the
principles learned to things about him with which he comes in
3
contact every day.*' These quotations are typical of the
writings of the day and show that those closest to the problem
were beginning to realize that the main end to be sought in
physics teaching is social efficiency, and that the laboratory
method must be depended on to successfully secure this end.
One of the methods used to improve laboratory work was
the numerous suggestions and devices that appeared in the
writings of the time made by teachers who had found them es-
pecially successful in their own laboratories. This movement
took on the aspects of a major role when the American Federa-
tion of Teachers of the Mathematical and the Natural Sciences
in 1912 appointed a committee of physics teachers "to co-ordinate
new apparatus and new teaching content with the present secondary
school physics course." The report of the Federation went even
so far as to say, "The general committee will probably form a
new definition of the 'Physics Unit 1 to correspond with what
they find to be the most improved usage in the subject, and will
perfect machinery by which every physics teacher in the country
can secure the most improved foims of equipment.” All teachers
of physics who had originated any designs and exercises were
asked to contribute them in the interest of instruction im-
provement, and School Science and Mathematics during 1913 and
1914 published many pages of the contributed material.
3
School Science and Mathematics. December, 1913.
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Although the committee^ work did not result in a new
outline for the course, it helped to spread the most success
ful ideas of the day throughout the country, and aided in
evolving a course that had a greater cultural and vocational
background.

CHAPTER XVI
REORGANIZATION OF THE SCIENCE CURRICULUM
The National Education Association in 1911 received a re-
port from its committee on the articulation of high school
and college which urged the modification of college entrance
requirements so that secondary schools could adapt their work
to the varying needs of the students, and at the same time
give them such training as would render them eligible to enter
college. This was the first step in a movement that was to
have a tremendous influence on secondary school education,
and resulted in the formation of The Commission on the Reor-
ganization of Secondary Education, appointed by the National
Education Association, and which undertook the complete re-
organization of the entire educational program of secondary
schools. A reviewing committee consisting of the sixteen com-
mittee chairmen and ten members at large was organized to assist
the sixteen committees of the commission through constructive
criticism of their reports.
To show the need of such reorganization in physics teach-
ing as this Commission was about to undertake in the whole
field of education, let us examine the results of two investi-
*I
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gatians made about this time.
1
Earl R. Glenn
,
in June, 1913, reported the results of an
investigation of the general practice in the teaching of physics
in the state of Indiana, which probably may be taken as repre-
sentative of the practice of the country at large. His study
revealed that fifty-two per cent of the high schools reporting
gave physics in the fourth year, and thirty per cent in the
third year; sixty-one per cent made physics optional; that thirty-
five per cent required physics for graduation; that the labora-
tory work was not so well organized as the textbook work; and
that approximately one-third of the schools studied were not
using the time allotment for laboratory and recitation work
generally conceived to be the most desirable.
A committee appointed by the Central Association of Science
and Mathematics Teachers in 1912 to foimulate a complete sci-
ence course for the four years of the high school made a pre-
2
liminary report in 1913. In this report it stated that as the
various sciences had become differentiated they had gained
places in the curriculum until eight, or even twelve, were found
in a single state. Furthermore it says, "These numerous sci-
ences are contending with one another for a place in the high
school, instead of presenting a demonstration of the efficiency
of unified science in the high school. The need of unification
of sciences is apparent to any one who has studied the schools
at first hand."
T
School Science and Mathematics June, 1913.
2
School Science and Mathematics.
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The question as propounded by the committee was, "What
should science do for high school pupils?" The answer to
this question was to form the basis for the organization of
science in the high school. This basis as given in the report
is as follows:
1. "High school science should give pupils such a knowl-
edge of the world of nature as will help them to get along bet-
ter in the course of everyday life.
2. "Science can not help people in fundamental ways in
everyday life without serving to make better people. The truths
of science are the truths of life, and while one may for a time
divert the verities of nature, the fundamental laws of science
eventually correct these errors. While science, therefore,
should enable people to get along better, it does so by im-
proving the people through their improved attitude and intelli-
gence in their work, and this means increased efficiency.
3. "Science should stimulate pupils to more direct and
purposeful activity and should help them to choose intelligently
for future studies or occupations. This purpose is common be-
tween science and other subjects of the curriculum, but cannot
be omitted from science because of the very large number of
ways in which science is used in the world of affairs.
4. "Science should give pupils methods of obtaining ac-
curate knowledge, which method should assist in solving the
pupil’s own problems. It should develop an abiding belief in
the value of accurate knowledge and the danger of dependence
upon any other kind of knowledge.
..
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5. "Science, by giving a greater and clearer knowledge of
nature, should give them greater, clearer and more intelligent
enjoyment of life.”
The committee followed this statement by a broadly outlined
course: the first year to contain, first, an introduction to
science in general, involving fundamental principles of various
sciences and using materials from all, if necessary; and
second, the subject of physiology and hygiene combined with
physical education, as a complete course of instruction on the
human body. The second year should also contain fundamental
principles of various sciences and their applications, as neces-
sary to a scientific understanding of food, clothing, shelter
and commerce. The third and fourth years should contain elec-
tive sciences, such as: physical and chemical science, domestic
science, agricultural science, or other elective sciences.
The reviewing committee of The Commission on the Reorgani-
zation of Secondary Education, after three years of work in
formulating and revising a report, issued a statement of the
Cardinal Principles of Secondary Education. This was published
in 1918 by the United States Bureau of Education as Bulletin
No. 35, and in it the committee has set forth the "fundamental
principles that would be most helpful in directing secondary
education .
”
The Committee states in its definition of the goal of ed-
ucation in a democracy that "The purpose of democracy is so to
organize society that each member may develop his personality
primarily through activities designed for the well-being of
his fellow members and of society as a whole." Education is
*•
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necessary to achieve this end. ’’Consequently, education in a
democracy, both within and without the school, should develop
in each individual the knowledge, interests, ideals, habits,
and powers whereby he will find his place and use that place to
shape both himself and society toward ever nobler ends.”
The main objectives of education, obtained by analyzing the ac-
tivities of the individual, in a democratic society are classi-
fied by the committee as follows: 1. ileal th. 2. Command of
fundamental processes. 3. Worthy home-membership. 4. Vocation.
5. Citizenship. 6. Worthy use of leisure. 7. Ethical character.
The next constructive step in the reorganization movement
affecting physics directly was the issuing of a report by the
Committee on Science of the Commission on the Reorganization of
Secondary Education, which was published by the United States
Bureau of Education in 1920 as Bulletin No. 26, under the cap-
tion Reorganization of Science in Secondary Schools - A Report
of the Commission on the Reorganization of Secondary Education,
Appointed by the National Education Association. It brought to
a conclusion several years of study of the problem and is in
essential agreement with the seven Cardinal Principles of Second-
ary Education, and the outline of objectives and working princi-
ples set forth by the Reviewing Committee.
Since this Report stands today, as it has done during the
past decade, as the basis of reference for all efforts to im-
prove the teaching of physics in general in the high school,
the preface, containing a clear statement of the aims and
methods of the committee, is here reproduced in full.
-.
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"The committee on science of the Commission on
the Reorganization of Secondary Education has carried
on its work by means of discussions, correspondence,
and formulation of preliminary reports for over seven
years. The discussion of preliminary reports by groups,
committees, and at meetings of science teachers has re-
vealed progressive work already under way and has led
to the trial of preliminary recommendations. Some of
the improvements that the committee sought to effect
have already been adopted by many of the best schools.
The full report herein presented, formulated through
this procedure, incorporates practices that have proved
most useful. It asks for only those features of reor-
ganization that have been found to work well, or which
by a fair amount of trial promise improvements. Fur-
ther experiments with new courses in science, or with
the readjustment of older courses, may make desirable
and necessary a revision of the report before many
years have passed.
"The report embodies contributions and criticisms
of more than 50 science teachers and administrative of-
ficers. It does not include every proposal, as many
such proposals are not fully approved by others. Some
members of subcommittees have been unable to send crit-
icisms of the full report, but because of their pre-
vious important work on subcommittees their names are
included in the list of members.
,.
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’’The report has been approved by the reviewing com-
mittee of the Commission on the Reorganization of
Secondary Education. This approval does not commit
every member of the reviewing committee individually
to every statement and every implied educational doc-
trine. It does, however, mean essential agreement with
the general recommendations.
Otis W. Caldwell,
Chairman Committee on Science.
Clarence D. Kingsley,
Chairman of the Commission.”
The report is divided into two parts. Part one deals with
the entire field of science education under three main divisions:
I. ”The general aims and purposes of secondary science in-
struction.
II. ’’General principles governing the selection of material
and its presentation.
III. "Science sequences recommended for various conditions.”
Part two treats the principal courses in science separately.
The Committee in part one stresses the need of science re-
organization by pointing out the evidences of ’’variation of pur-
poses for which sciences are taught, the increasing number of
sciences offered, the development of intensive specialization
within various sciences
,
the lack of sequence in the order in
which they are frequently given, the wide variation in methods
and contents”; and proceeds to define the general aims and pur-
poses of science teaching. These are stated with reference to
the main objectives of education, also with reference to the
.<
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specific values obtainable from science study. The committee
firmly believes that science instruction should materially
contribute to the realization of six of the seven main objec-
tives of education, omitting only command of fundamental proc-
esses. A detailed statement is made of the specific values
that science study should secure by the development of in-
terests, habits, and abilities; in teaching useful methods of
solving problems; in stimulating to purposeful activities; in
information; and in cultural and aesthetic development.
As given in the report, the organization of science in-
struction should rest upon the following principles:
a. "Self activity is a law of growth.
b. "Interest secures attention and makes self activity
possible
.
c. "Interest, to be sustained, must rest on the percep-
tion of the worthwhileness to the individual of the
purpose sought.
d. "A usable question, problem, project, or topic involves
a purpose, the immediate or future worthwhileness of
which is recognized by the individual and by the class."
A recommendation of a sequence of science courses for various
types of schools, ranging from large to small, is made. In gen-
eral, the same logical sequence is to be followed, and calls for
general science in the first year, biological science in the
second year, and chemistry and physics as differentiated elective
courses in the third and fourth years.
The section devoted to physics in part two opens with a
statement of the reasons for reorganization of the subject. Six
.
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points are emphasized, namely, the failure of content and
methods of presentation to make a vital appeal to pupils; the
neglect of the interest of pupils and the laws of learning;
the assumption that a principle is readily understood if stated
clearly and illustrated by a few examples; the failure to corre-
late properly the class and laboratory work; the failure of
traditional courses to interpret the higher type of voca-
tions in which physics is fundamental; and the fact that many
schools have noted marked improvements in interest and outcome
when certain changes were made.
Physics, as with science in general, should contribute to
the realization of six of the seven main objectives of education.
No definite syllabus is recommended, leaving this to the teachers
who can best adjust it to the varying needs of the pupils. In
this connection the report says, "The subject matter should be
made simple enough to be clearly comprehended by the pupils. It
should be of fairly obvious utility, from the pupil *s standpoint,
in the accomplishment of seme worthy purpose. It must have the
greatest number of elements in common with everyday situations,
within the experience, interest, and knowledge of the pupils,
or in common with the situations in which they may reasonably be
expected to take part when they have become adults."
This report has been for a decade and. remains today of tre-
mendous worth chiefly because of the scientific and comprehen-
sive manner in which it has dealt with the problems of science
instruction. Just as the Committee of Ten in 1893 had crystal-
lized science teaching ideas from the viewpoint of the college,
so did this report of the Committee on Science of the Commission
,.
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on the Reorganization of Secondary Education try, and succeed
admirably in the attempt, to sum up the prevailing opinions on
the same problem from the secondary school viewpoint.

CHAPTER XVII
CONTENT AND METHOD OF SCIENCE TEACHING ARE
STUDIED V/ITH THE AID OF EDUCATIONAL TECHNIQUE
The third decade of the twentieth century and continuing
into the fourth have witnessed many investigations in practical-
ly all subjects in the field of secondary education to deter-
mine scientifically how much of the subject material being
taught is really worthwhile from the standpoint of the pupil's
ability to learn, and whether the most efficient methods of
instruction are being used,
1
As early as 1911 Dr. Charles H. Judd in an address be-
fore the Central Association of Science and Mathematics Teachers
had questioned the ccntent and organization of high school sci-
ence courses. He urged that scientific investigation be ap-
plied to these vital questions, saying, "Science teachers are
not willing to examine and discuss the needs of their students
as a primary consideration in the organization of their course.
Science has a kind of inflexible logic of its own in the mind of
the mature teacher, has a kind of coherency in organization that
is so attractive that to break down this ideal arrangement in
any wise or to criticise the typical arrangement of science
material in any wise is very repugnant for the true scientist."
T
School Science and Mathematics 12: 87-98. 1912.
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He further says, "Let us present science, says the specialist, in
the order known to be the final order. I repeat, that you cannot
do it, and it is my plea as a student of education; a plea to
you who are specialists in sciences; let us get together and see
that this material is in some fashion recognized, and that you
make it your business to study the students." In his book,
Psychology of High School Subjects, published in 1915 he repeats
his assertions made in 1911 and adds, "the value of science
teaching is on every hand, seriously called into question" since
the practical application of science by students is, in general,
very meager.
In Science Teaching by George R. Twiss, published in 1917,
the author suggests that the subject matter ought to be reor-
ganized about the larger and more general principles, and that
topics too difficult for, or outside the realm of experience of,
high school pupils be omitted. As to method he claims that
science teaching has failed to arouse and to hold the interest of
pupils. Both Judd and Twiss emphasized the need of starting the
teaching of principles with problematic concrete situations that
arouse and hold the interest of the pupils. Criticism of the
laboratory course, of the recitation methods, and of other phases
of physics teaching appeared in periodicals throughout the country,
and scientific investigations were set afoot which more or less
solved many of the difficulties pointed out.
Along with this movement to improve science teaching there
has developed during the past two decades a new field of educa-
tional endeavor, namely, the science of testing and measuring ed-
ucational results, learning abilities, and other features of edu-
cat ion
..
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We find that this educational technique was gradually find-
ing its way into the scientific investigations that were being
made in the field of science teaching. In January, 1921,
2
Charles W. Finley of Columbia University published the results
of a study he had made in trying to determine what part of the
content of science should be taught to appeal to children’s in-
terests. The article served to stimulate others to make similar
investigations.
Earl R. Glenn, also of Columbia, during the years 1921-1923
3
published several articles showing the results of studies made
of the conventional examinations in chemistry and physics versus
the new types of tests. The purpose of such studies was to se-
cure a basis for more accurate and uniform evaluation of class-
room teaching results.
4
In 1922, Arthur L. Foley of Indiana University, reported
the results of a series of tests given to students of a number
of Indiana colleges. The purpose of the tests was to determine
if college students who had had high school physics secured bet-
ter grades in college physics than did those students who had not
had high school physics. The results showed a slightly higher
average grade for the first group.
5
Another study that aroused much interest was that made in
a Michigan high school by E. W. Kiebler and Clifford Woody to
determine the relative effectiveness of the demonstration and
individual laboratory methods in teaching physics. Both temporary
2
School Science and Mathematics 21: 1-24. 1921.
3
School Science and Mathematics 21: 666-670. 1921; 21: 746-756.
1921; 23: 459-470. 1923.
4
School Science and Mathematics 22: 601-612. 1922.
5
Journal of Educational Research Vol. 7 PP 50-58 1923.
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and permanent knowledge were tested, also knowledge of how
to apply principles and technique learned in attacking new
problems. In general, the demonstration method was found as
good as, if not superior to, the laboratory method.
Dr. Powers, of Columbia University, made a significant
6
study in chemistry teaching, the results of which were pub-
lished in 1924. He concludes that the task set for high school
students in chemistry is beyond their accomplishment, and that
they gain no mastery over a large amount of the materials of
instruction.
J. M. Hughes, of Northwestern University, published in the
March and April numbers of the School Review for 1925 the re-
sults of an investigation to determine the effect of the pupil’s
intelligence and the teacher’s training on the achievement in
the study of physics. In regard to the teacher’s training it
was found that pupils taught by teachers who had emphasized
physics in their training had a distinct advantage over those
taught by teachers of less training.
7
In 1926 J. M. Hughes reported the results of another study;
namely, of the content of the high school physics course obtained
through the answers from one hundred teachers throughout the
country. The fact that ninety-four out of the one hundred
teachers used the same three textbooks; that these three text-
books covered practically the same identical topics and experi-
mental and pictorial illustrative materials, with equal spatial
Powers, S. R. A Diagnostic Study of the Subject Matter of
High School Chemistry.
7
School Science and Mathematics 26:619-23. 1926.
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allotments; and that but a very small percentage omitted any
considerable amount of the text, or required collateral read-
ing, indicated very clearly the great similarity in the con-
tent of physics courses throughout the entire country. The
writer suggests that this content is too greatly dominated by
inherited tradition, and urges that the status of physics
teaching needs to undergo a profound change.
In view of the findings in Missouri in 1925-26 that 90 per
cent of physics teachers followed the exact organization of the
large divisions of subject matter as they appeared in the text-
books, and that an even larger percentage followed the exact
sequence of these large divisions through the books, G. J. Peters,
of the University High School at Columbia, Missouri, made a
study in 1927 of the achievement of pupils under two conditions;
first, when taught under the customary organization of subject
matter as presented in the average textbook in which principles
and laws precede the practical applications of the same, and
second, when taught under reorganized subject matter which first
emphasizes the application of the fundamental principle, and later
8
states the generalization or law. His results indicate that
achievement was much greater when taught by the reorganized sub-
ject matter, both in the grasping of the fundamental principles,
and in the applications of the same.
9
Dr. A. W. Hurd, of Columbia University, says in an article
in 1928 that he has tabulated the consensus of opinions of
authoritative writers, writing from 1900-1926 as to the inade-
8
School Science and Mathematics 27:172-82. 1927.
9
School Science and Mathematics 28:637-39. 1928.
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quacies in high school science teaching, and combines them
under five categories which demand the following remedies:
(1) well defined aims and objectives, (2) well chosen subject
matter suited to the needs of the pupils, (3) better selection
and training of teachers for the particular job in hand,
(4) greater responsibility and freedom of action of pupils with
motivation emphasized, and (5) methods of science used to de-
termine future changes in the course, 1900 to 1912 had seen
numbers (2) and (3) emphasized, while 1913 to 1926 had seen
(5)
, (4), and (1) receive the bulk of attention. The writer
describes the value of this analysis to be in furnishing the
conscientious teacher and curriculum builder a clearly defined
task, namely, that of discovering by a common sense, inclusive
survey, more clearly desirable aims and objectives, and the
important subject materials best adapted to accomplish these
aims and objectives. Teachers must be better trained, and the
pupils must be made responsible parties to the learning process
by being given more opportunity for individual initiative.
10
E. S. Obourn a few months earlier wrote in connection
with the effective use of practical equipment in the physics
course, that such material today serves merely to illustrate
without much inquiry as to its operative principle, or possibly
as a demonstration piece by the instructor. To realize the
greater possibilities offered by such practical equipment the
writer suggests that the thorough organization of the learned
subject matter be followed by concrete life situations through
carefully planned applications in which the pupil manipulates,
dissects and analyzes life-sized devices.
To
School Science and Mathematics 28:275-80. 1928.
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In 1929 G. C. Muthersbaugh attempted to draw up a new list
of specific objectives in physics, based on usefulness, interest,
and frequency of occurrence. A careful examination of the four
most popular textbooks in use, four courses of study and two
treatises was made to determine specific objectives in vogue at
the time. Using this list as a basis for study, a new list was
proposed in which all dead and obsolete material had been elimi-
nated, and all physical theories and principles which had no con-
nection or application with current day activities had been
dropped. This list, containing 221 specific objectives, is given
in the article and composes the proposed course of study in
physics for senior high schools.
12
Another investigation made in the same year was that
carried on by E. W. Kiebler and F. D. Curtis, to determine the
content of the laboratory course in high school physics. They
attempted, first, to ascertain by examining the eight most popu-
lar laboratory manuals in use, the relative frequency with which
various laboratory exercises appeared in these manuals, and
second, to determine the relative importance of these experiments
as judged by teachers in high schools and schools of higher
learning. The findings indicated a wide diversity of opinion
among both the manual authors and the teachers as to what ex-
ercises should constitute the laboratory course. The authors
list in table form the various exercises and their evaluation,
by means of which the reader is given the opportunity of select-
U
School Science and Mathematics 29:943-54. 1929.
12
School Science and Mathematics 29:980-5. 1929.

96
ing those experiments which should constitute a rich laboratory
course according to authoritative opinion.
13
Dr. A. W. Hurd reported in April, 1930, the results of
an investigation carried on at the University of Minnesota in
1928-29 to determine whether high school physics learning con-
tributed to college physics achievement. By means of prognostic
tests it was found that the average college student shows dis-
tinct outcomes from a course in high school physics, in knowledge
and ability to solve problems, peculiar to the course itself.
The investigation next attempted to decide whether these abili-
ties carry over into the college course, so that he maintains
his superiority. The results showed but a very slight advantage
on the part of those who had had high school physics. The
writer explains this by saying that whereas high school physics
is concrete, with a profusion of life-like applications and
photographs, the college course is abstract, deductive, and
full of formulas and problems. Their treatment of physics is so
different that the study of one does not help greatly in the
study of the other.
The Bulletin of High Points for September, 1930, published
in the interests of the New York City high schools, contains a
very interesting article on 'Why Girls Should Study Physics' by
J. W. McCormack of the Jamaica High School. In view of the fact
that 300 boys and only 41 girls were enrolled in the physics
course of the Jamaica High School for the February-June
,
1930
period, this writer undertakes to show, by referring to numerous
everyday activities, that the average girl has just as great a
IS
School and Society 31:468-70. April 5, 1930.
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need of a practical knowledge of scientific principles as does
the average boy.
Dr. A. W. Hurd’s investigation on the inadequacies and sug-
gested remedies in high school science teaching has already been
14
mentioned. In 1930 Dr. Hurd reported a second investigation
of the same problem as it related especially to physics teach-
ing. Selection of content for a new course in physics was based
on four ultimate objectives which are condensations of the seven
cardinal principles, namely, (1) health, (2) vocation, (3) avo-
cation, and (4) social. The immediate objectives in the selec-
tion of content were of four kinds: (1) knowledge, (2) apprecia-
tions or attitudes, (3) techniques, and (4) habits and skills.
The investigation shows that the present year’s course in
physics contains too much content if greater achievement is to
be expected. Three needs for reorganization of physics teach-
ing are emphasized: first, new discoveries in the content of
physics* second, new discoveries of educational investigations*
and third, the fact that the school population has changed in
type
.
The above investigations are but a few of the many that
have been made during the last decade. They will help to illus-
trate the large variety of elements in physics teaching that are
now receiving thorough study in the most progressive scientific
manner. These investigations can, in the main, be classified
as of two general types; first, content studies, or studies to
determine the kind and amount of curriculum material that should
be used; and second, learning studies, or studies to find out
14
School Science and Mathematics 30:539-45. 1930.
c.
.
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what part and how much of* the material presented in the course
of instruction is learned by the pupil. Their correct solution
will realize greater economy of time and effort, together with
superior results.

CHAPTER XVIII
THE "NEW PHYSICS” AHD MODERN PHYSICS TEXTBOOKS
For several years past, as a direct result of the many
technical investigations being carried on, there has been much
discussion about the "new physics". By this phrase is usually
meant the movement in physics teaching to gather the content
of the physics course from the physics of actual daily life.
Although the laboratory manuals still adhere in large part to
the old method of presenting experiments which measure problems
disembodied from the daily life of the pupil, there has re-
cently been some worthwhile attempts toward developing experi-
ments which deal with real objects and real problems. However,
it has been left mainly to the textbooks to embody this "new
physics" into the physics course.
To find to what extent this "new physics" movement has
entered into the physics teaching of the country it was decided
to investigate what the large high schools are doing in physics.
The small high school is usually circumscribed in its efforts
to differentiate its physics program according to the needs of
the different groups of pupils, since its population usually

100
permits of only one class in physics. It is only natural under
such conditions that the aims of the teaching must necessarily
center about those pupils who plan to enter college. The needs
of the others are usually subordinated to the needs of the col-
lege group.
But this need not be true of the large high schools which
have a population which demands several classes in physics.
These schools should be able to offer various courses in physics
which especially stress those phases of physical principles
as apply to General Physics, Industrial Physics, Household
Physics, Applied Mechanics, Electricity, and other present day
vocations, in addition to offering the customary course that
prepares mainly for college.
In accordance with this idea, in the early part of 1931
the writer sent out a questionnaire to high schools in all cities
of the United States which had a population exceeding 200,000.
Forty-one copies of the questionnaire were sent out and twenty-
eight replies were received, from twenty different states. The
questionnaire listed five physics courses - College Preparatory,
Industrial, Household, Applied Mechanics, and General. The high
schools were requested to check those courses given, to state
the text used, number of recitation and laboratory periods per
week and length of same, length of course, and relative amount
of problem solving required.
The replies showed that three schools were offering the
College Preparatory course only, and that two of the three
schools used Millikan, Gale, and Pyle's Elements of Physics,
(
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and the other used Fuller, Brownlee, and Baker’s Elementary
Principles of Physics. Sixteen schools reported that they of-
fered the General course only. Five of these used Millikan,
Gale, and Pyle’s text; four used Dull’s Modern Physics; three
used Black and Davis’ Practical Physics; and three used Fuller,
Brownlee, and Baker’s text.
Nine schools stated they each offered two or more of the
five courses listed, different texts being used for each sepa-
rate course usually. The above four texts divided honors about
equally in these nine schools in the College Preparatory and
General courses. Five of these nine schools reported they of-
fered one or more of the Industrial, Household, or Applied
Mechanics courses, and usually specified special texts em-
phasizing these fields of endeavor.
As to the length of the courses, number and length of reci-
tation and laboratory periods, and relative amount of problem
solving, it was found that the College Preparatory and General
Courses called for one full year in all cases but one. The Col-
lege Preparatory courses averaged 4.0 recitation and 2.3 labo-
ratory periods per week of an average length of 45 minutes. The
average number of experiments per year was 32. Out of ten
schools, five specified a large amount of problem solving, and
five a medium amount. The General courses averaged 3.2 recita-
tion and 2.8 laboratory periods per week of an average length of
45 minutes. The average number of experiments was 40. Out of
twenty schools specifying, five required a large amount of prob-
lem solving; ten a medium amount; and five a small amount. On
the basis of a year’s work the courses other than College Prepara-
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tory and General averaged 3.3 recitation and 2.6 laboratory
45 minute periods per week with an average of 34 experiments.
Eight specified a medium amount of problem solving and three
a smal 1 amount
.
The results would tend to show that no one textbook is
favored either for the College Preparatory course or for the
General course, about the same number of schools using one book
as another. Likewise, no distinct difference is noted in the
relative amount of time devoted to recitation and laboratory
work, the College Preparatory course usually calling for a some-
what higher amount of the former and less of the latter than
the (jeneral course or other courses. The College Preparatory
course evidently calls for more problem solving than the General
course, which in turn calls for more than the other courses.
The General course requires a little more laboratory work than
either the College Prepara to xy course or the other courses.
In general the results indicate that both the College
Preparatory and General courses aim to give a thorough training
in physics, sufficient for entrance to college, and at the same
time emphasizing as much as possible every day applications.
From the footnotes attached to many of the answers it is quite
evident that there is great interest in many high schools to
establish the newer courses - those dealing entirely with popu-
lar vocational branches of physics, such as Applied Electricity,
D. C. Electricity, A. C. Electricity, Mechanics, Radio Measure-
ments, and Aeronautics. The next few years should see the in-
troduction of many of these special courses into numerous large
higji schools, especially in industrial centers.
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Since the results of the questionnaire indi cate that the
large high schools of the country practically limit their
choice to four textbooks, a comparison of these books will
show what is the prevailing attitude of the textbook writers
toward physics teaching at the present time. These four books
can be roughly divided into tv/o classes. The first emphasizes
the type of work that is especially adapted for training the
pupil toward college entrance. Millikan, Gale, and Pyle’s Ele-
ments of Physics (1927) and Black and Davis’ New Practical Physics
(1929) represent this class. The second class while covering
the essentials necessary for admission to college lays especial
emphasis on practical applications of the principles of physics.
Dull’s Modern Physics (1929) and Fuller, Brownlee, and Baker’s
Elementary Principles of Physics (1925) represent this class.
%
These four textbooks have all attempted to ’vitalize’ the
teaching of physics by excluding the more abstract subjects and
so presenting the remaining material as to appeal to the everyday
interests of boys aM girls. Although all the claims found in
their prefaces are frequently not realized, it can be said that
these texts have gone a long way toward putting this subject in a
more favorable light from the standpoint of the pupil’s interests
and needs.
Millikan, Gale, and Pyle write in their preface that ’’Their
chief aim from the beginning has been ’to present elementary
physics in such a way as to stimulate the pupil to do some think-
ing on his own account about the hows and the whys of the physical
world in which he lives.’” They claim to have included only such
material as touches closely the everyday life of the average pupil,
.,
.
.
.
.
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and have tried to avoid the encyclopedic array of heterogeneous
facts. The book is divided into two parts, the shorter foim being
in larger print and representing "the indispensable backbone” of
a physios course where a minimum amount of time is available.
The importance of problem work in this book, even in the shorter
course, is readily perceived by the statement that ” the
problems, the heart of any course, have been especially chosen
and especially tested for such use.” The longer course consists
of the large print plus additional smaller print and has ”an
abundance of additional problems in the Appendix.” As a means of
arousing pupil interest the authors have included ”an incidental
picture course on the history of physics.” This picture course
includes ninety-nine full-page illustrations of outstanding in-
dustrial appliances, and the heroes of physics, with rather elabo-
rate explanatory legends. Its purpose is to incidentally present
a large number of fascinating facts and developments which will
tend to arrest the pupil’s attention and to stimulate him to fur-
ther studies along scientific lines.
Black and Davis’ text, while perhaps not quite as mathematical
as Millikan, Gale, and Pyle’s still includes a large amount of
problem solving.
The preface states, ’’Throughout this book we have stressed the
applications of physical principles which we see in our daily
lives rather than the subtleties of molecular physics and atomic
structure. Our experience shows that students derive great satis-
faction from detecting about them instinctively and habitually
applications of a science which they have studied or are studying.”
..
.
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The authors have tried to "set practical rather than artificial
problems and have minimized the arithmetical drudgery involved
in solving them." The subject matter has been brought upto-
date so as to include the basic principles of aviation, radio,
television, and colored and talking pictures.
Charles E. Dull’s text is an excellent example of that
school of advanced thought that believes physics should be above
everything else a practical subject. The preface says, "Few
subjects touch the student’s life more closely than elementary
physics. No subject is better fitted to develop the reasoning
powers, or to cultivate that uncommon faculty known as ’common
sense’. From the time the pupil opens the water faucet in the
morning until he snaps off the electric light upon retiring, he
is constantly applying or observing some of the principles of
physics." The author states he has tried to keep in mind the pu-
pil’s point of view, and to use such simple language as to make
those topics ordinarily difficult understood. To show that even
this author does not believe mathematics can be entirely eliminated
we read, "Many thought -provoking questions are included, and the
number of problems is so great that few pupils will find time to
do them all." He has omitted many of the more difficult formulas
since "they look more complicated and seem more difficult than the
problems themselves."
In Fuller, Brownlee, and Baker’s text we find a rather radi-
cal departure from the traditional order of topics. The authors
state in the preface that the usual order often leads to loss of
interest and to a feeling of dismay at such difficult work too
early in the course. They have rearranged the material so as to
*'
.
106
present a ’cycle* order, i.e., the observational parts of each
topic are studied early in the course and involve only simple
relations and problems. The more difficult parts of each topic
come later in the course when the pupil’s earlier experience
with the science and some gain in maturity will enable him to
better handle these difficult parts. The mechanics of solids
with its abstract mathematical characteristics is placed late in
the book. The authors believe ’’that students lose interest in
Physics because of the formal presentation of the subject. There
have been too many new terms, abstract concepts, and laborious
calculations. The attempt has been made in this book to bring
the subject to the student in language that he can readily under-
stand and in steps which progress with his mental development.”
One cannot examine any one of the textbooks described without
being convinced that they have tried, and with a fair degree of
success, to make the applications of physics which are so common,
understandable to the pupils of our physics courses. That there
is still a large field for improvement is indicated by the va-
rious methods used by the different authors, and by the results
of the many investigations which have been, and still are being,
made
'.
*
*
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CHAPTER XIX
SUMMARY
In concluding this story of the development and trend of
physics teaching in the secondary schools, the motivating ele-
ment underlying the methods and aims of each period will be
especially noted, with the hope that the reader will thereby
gain a more connected view of the story.
A general survey of science from the time of Aristotle up
to and including present tendencies will impress the reader with
the fact that one main force has been actuating each successive
stage in the growth of physics teaching, namely, the desire to
make a knowledge of natural phenomena serve the needs of man-
kind .
The great contribution to world civilization made by the
Greeks was along the lines of literature and philosophy rather
than along scientific lines. Yet, by observation and specula-
tion the scholars of Greece tried to satisfy the craving of the
people for an understanding of their circumscribed universe by
finding intellectual answers to questions regarding the shape,
size and motion of the earth and the heavenly bodies, and the
nature of matter - questions that have perplexed mankind from
the beginning. Their answers, sometimes correct, but oftener
.t
.
.
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wrong - gave the people of those days a more secure feeling -
through obliterating the unexplained, which is always shrouded
in a cloak of mystery - and hence of fear.
The Romans were a practical people, bent upon organizing
and executing practical undertakings, and were little interested
in theoretical discussion. Inherited Greek theories satisfied
their wants in the field of science and they made practically no
attempts to disrupt these theories.
The dominant feature of the Middle Ages was the intolerant
attitude of religion toward inquiry of any sort. The church be-
lieved that the enforcement of a moral life was endangered by
such inquiry, and science continued on an Aristotelian basis.
From the twelfth century on, mankind began to gradually
change the character of his thinking, to the disintegration of
the Mediaeval System. The Revival of Learning throughout Western
Europe and the Italian Renaissance signify the beginning of this
modern scientific spirit with its criti cal, questioning attitude.
The doctrines and practices of the Mediaeval Church began to be
questioned. Mankind* s yearning for a more satisfying explanation
of the natural phenomena surrounding him was awakened. Greek
science was gradually rejected and a new era, opened by Galileo,
dawned upon the world. The explanation of mysticism, good and
evil spirits, and the interpretation of natural phenomena as
manifestations of the Divine will had for centuries stagnated
scientific inquiry, but it had nevertheless a steadying influence
upon the peoples of the times since it offered an explanation
for these mysteries in a more or less simple and, for the thought
of the time, satisfactory manner. Mass domination had made such

thinking possible, but with the advent of individual thinking
the old explanations were found wanting, and more satisfying
reasons were sought.
By the time that natural philosophy was introduced into the
schools, natural phenomena were found to be most satisfactorily
explained by scientific laws. From that period until the present
day this scientific interpretation of natural phenomena has per-
sisted, and each succeeding change in physics teaching has been
made only that it might provide for the development of increased
efficiency on the part of the individual and for the more satis-
factory progress of society.
The last half of the nineteenth century with its stress on
mental discipline, laboratory work, mathematical and abstract
knowledge, and college preparatory aim, effectively demonstrates
the expression of this belief. Mental discipline was supposed to
give greater social usefulness by increasing the breadth and
definiteness of the activities of those whose minds had been so
trained. The laboratory work was to serve the same purpose by
increased efficiency of the individual due to training in more
real, lifelike experiences. Mathematical and abstract knowledge
was stressed that it might advance society through the channels
of pure science, and the college preparatory aim was justified by
insisting that such training obtained the greatest good for the
greatest number.
The end of the century with its movement away from these
aims in favor of the practical application of physics knowledge
to everyday life was simply a natural step as the realization
dawned upon mankind that social usefulness is only reached by

no
so training the individual that he reaches his highest efficiency.
This new conception of education invoked the theory that because
of the varied natures of the individuals composing society, this
training must be in terms of the individual rather than of the
group. It was found that the individual must receive such
practical knowledge as would fit his particular need.
The twentieth century with its enormous amount of scientific
investigation has simply continued this trend to make physics
teaching cater to the individual so that he might serve society
best by raising his own competency to the highest possible level.
These investigations have emphasized methods and materials of
instruction. Today, scientific students of education are en-
gaged in evaluating such methods and materials in terms of the
Seven Cardinal Principles
,
trying to find those that will result
in the greatest advancement of society.
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APPENDIX A.
List of fundamental experiments in physics as given in
Report No. 7 1884 United States Bureau of Education. Aims
and Methods of the Teaching of Physics; By Professor
Charles K. Wead, of the University of Michigan.
A # means fitted for laboratory work; a / involves
measurement; an *, more advanced.
#/ Compare and measure lengths,
volumes, and masses.
#/ Composition of forces.
Inertia.
#/ Parallel forces.
# Center of gravity.
#/ Lever, inclined plane, &c.
rr/ Pendulum.
* Centrifugal action.
#/ Archimedes* principle.
#/ Density and specific grav-
ity.
Capillarity.
#/ Simple barometer.
/* Boyle’s law.
Air pump experiments.
Pumps and siphon.
§/ Expansion of liquids and
gases.
H Properties of permanent and
temporary magnets.
# Magnetic curves.
# Simple galvanic cell.
// Effects of current on mag-
netic needle.
§ Electro-magnets.
/* Influence of resistance of con-
ductors.
# Chemical effects of current.
# Heating effects of current.
# Induction.
Telegraph and telephone.
# Frictional electricity; two
state s.
Electrical machine; Leyden
jar.
Vibration and production of
waves.
..
.
.
.
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§ Bending of compound #/ Resonance.
bar. # Interference of sound (fork
#/ Verify fixed points of ther- and jar)
.
mome ter
.
/ Monochord.
# Conduction of heat. #/ Photometer.
#/ Temperature of mixtures of Reflection; plane and curved
water. mirror
.
/* Specific heat of a solid. # Refraction of light.
Latent heat of ice, steam, Dispersion and spectrum.
vapors. Total reflection.
Heat from friction. #/ Lenses; construction of
* Useful forms of galvanic image
.
cells
.
Combination of colors.
..
.
.
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APPENDIX B
The following is a list of experiments
submitted by the Committee of Ten in their report to
the National Educational Association in 1894:
GENERAL PROPERTIES OF MATTER.
1. Find the volume, weight, and density of
several solids, as wood, iron, stone, etc.
2. From the known weight of a given length
of wire, calculate the length of a roll of fine wire
from its weight.
3. Find the capacity of a bottle by weighing
without and with water, or mercury.
4. Study the elasticity of stretching of
rubber, or brass wire, and see whether the results
agree with the laws.
5. Determine the elasticity of bending of
wood as to length, breadth, and thickness, and see whether
the results agree with the laws.
:
6.
Find the co-ordinates of a given curve
drawn on co-ordinate paper and plot a curve from
given co-ordinates.
Mechanics of Fluids .
1.
Pressure of liquids as to direction and
depth.
2. Compressibility of air - Verify Mariotte's Law.
3. The buoyant force of a liquid by weighing
in water and weighing the displaced water.
4. Relation of the volume of a regular solid
to loss of weight in water.
5. Find the relative density of a number of
substances heavier than water.
6. Relative density of a substance lighter
than water, by use of a sinker.
7. Relative density of wood by flotation.
8.
Relative density of a liquid:

(a) By weighing a substance in the liquid and
in water;
(b) By weighing the liquid and water in the
same vessel, separately;
(c) By Hare * s method of balanced columns raised
by exhaustion.
9. Relative density of air by exhaustion from
a bottle.
10. Action of the siphon. By connecting two
vessels of water by a rubber tube, determine the condi-
tions causing the flow.
11. Find the weight of a column of mercury
in a tube, per centimeter, by measuring its length,
and weighing the mercury.
12. Calculate the pressure of the atmosphere
by weight of a column of mercury.
Mechanics of Solids
.
1. The principles of the composition and
resolution of forces: by the action of three forces
in the same plane and not parallel, using spring balances
also by construction, using the parallelogram of forces.
I
2. The law of the distances of points of
application of two parallel forces from the points of
application of their resultant, or equivalent.
3. Law of the moments of two parallel forces
acting on a body.
4. Movements about a fixed point of any
number of parallel forces in the same plane.
5. Movements of two sets of parallel forces,
or couples, in the same plane.
6. Centre of gravity of a material rod. By use
of extra weights find the point where the weight of a
material body acts.
7. Centre of gravity of a material triangle.
8. Comparison of masses by inertia.
9. Relation of the time of vibration of a
pendulum to its length.
10.
Relation of friction to pressure

11. Work done in moving bodies up an inclined
plane
.
12. Relation of the acceleration of falling
bodies to the moving force.
Heat
1. Verifying the freezing-point and boiling-point
of a thermometer.
2. Linear expansion of a solid.
3. Heat-capacity of a calorimeter.
4. Specific heat of a substance.
5. Latent heat of water.
6. Latent heat of steam.
7. Dew-point of the air of the room.
Sound
1. Pitch of a tuning-fork by a column of air
in a vessel
-.
.
.
2.
Relation of pitch to length in wires.
3.
Relation of pitch to tension in wires.
Light
1. Photometry: relation of intensity to
distance of a light.
2. Relation between the angle of incidence and
the angle of reflection of light.
3. Position of images in plane mirrors.
4. Find the critical angle of water.
5. Find the critical angle of kerosene.
6. Find the focal length of a converging lens.
7. Size and position of real images in a
converging lens.
8. Size and position of the virtual images
in a converging lens.
Electricity.
1. Mapping the lines of magnetic force for a
bar-magnet
».
.
.
.
.
2. Constancy of the two-fluid Daniell*s cell,
and change of weight of the elements of the cell.
3. Electrical resistance, as to length and
oross-section of conductors.
4. Measurement of resistance by substitution.
5. Measurement of resistance by Wheatstone f s
bridge
.
6. Electromotive force of different metals.
7. Electromotive force of cells as to size
and number, placing them in opposition.
8. Method of connecting cells with reference
to external resistance. Compute the current-strength,
using the formula n - _EC "
R4*r
9. Law of induced currents as to duration and
direction.
-'
.
*
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*
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APPENDIX C.
List of experiments suggested by Professor
E.H. Hall in the report of the Committee on College
Entrance Requirements, 1899.
FIRST PART.
(Recommended, but not to be counted)
A. Measurement of a straight line.
B. Lines of the right triangle and the circle.
C. Area of an oblique parallelogram.
D. Volume of a rectangular body by displace-
ment of water.
Mechanics and Hydrostatics.
1. Weight of unit volume of a substance.
2. Lifting effect of water upon a body entirely
immersed in it.
3. Specific gravity of a solid body that will
sink in water.
4. Specific gravity of a block of wood by use
of a sinker
..
.
.
.
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5. Weight of water displaced by a floating body.
6. Specific gravity by flotation method.
7. Specific gravity of a liquid: two methods.
8. The straigit lever; first class.
9. Centre of gravity and weight of a lever.
10. Levers of the second and third classes.
11. Force exerted at the fulcrum of a lever.
12. Errors of a spring balance.
13. Parallelogram of forces.
14. Friction between solid bodies (on a level).
15. Coefficient of friction (by sliding on incline).
Light
.
16. Use of Rumford photometer.
17. Images in a plane mirror.
18. Images formed by a convex cylindrical mirror.

19 Images formed by a concave cylindrical mirror
20. Index of refraction of glass.
21. Index of refraction of water.
22. Focal length of converging lens.
23. Conjugate foci of a lens.
24. Shape and size of a real image formed by
a lens.
25. Virtual image formed by a lens.
SECOND FART.
Mechanics.
26. Breaking strength of a wire.
27. Comparison of wires in breaking tests.
28. Elasticity: stretching.
29. Elasticity: bending; effect of varying loads.
30. Elasticity: bending; effect of varying
dimensions.
..
.
.
.
31. Elasticity: twisting.
32. Specific gravity of a liquid by balancing
columns.
33. Compressibility of air; Boyle 1 s law.
34. Density of Air.
35. Four forces at right angles in one plane.
36. Comparison of masses by acceleration test.
37. Action and reaction: elastic collision.
38. Elastic collision continued: inelastic
collision
.
Heat.
39. Testing a mercury thermometer.
40. Linear expansion of a solid.
41. Increase of pressure of a gas heated at
constant volume.
42. Increase of volume of a gas heated at constant
pressure
.
.I
43. Specific heat of a solid.
44. Latent heat of melting.
45. Determination of the dew-point.
46. Latent heat of vaporization.
Sound
47. Velocity of sound in open air.
48. Wave-length of sound.
49. Number of vibrations of a tuning-fork.
Electricity and Magnetism.
50. Lines of force near a bar magnet.
51. Study of a single-fluid galvanic cell.
52. Study of a two-fluid galvanic cell.
53. Lines of force about a galvanoscope.
54. Resistance of wires by substitution:
various lengths.
55. Resistance of wires by substitution: cross-
section and multiple arc

56.
Resistance by Wheatstone’s bridge: specific
resistance of copper.
57. Temperature coefficient of resistance in
copper.
58. Battery resistance.
59. Putting together the parts of a telegraph
key and sounder.
60. Putting together the parts of a small motor.
61. Putting together the parts of a small
dynamo
.
..
.
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APPENDIX D.
Definition of the unit in physics, as drawn up
by the National Commission on the Teaching of Elementary
Physics, and adopted by the North Central Association of
Colleges and Secondary Schools in 1908.
The Definition of the Unit in Physics.
1. "The unit in physics consists of at least
one hundred and eighty periods of forty-five minutes
each (equal to 135 hours) of assigned work. Two periods
of laboratory work count as one of assigned work.
2. "The work consists of three closely related
parts; namely, class work, lecture-demonstration work,
and laboratory work. At least one- fourth of the time
shall be devoted to laboratoiy work.
3. "It is very essential that double periods be
arranged for laboratory work.
4. "The class work includes the study of at least
one standard text.
5. "In the laboratory, each student shall perform
at least thirty individual experiments, and keep a careful
notebook record of them. Twenty of these experiments
'.
.
.
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must be quantitative; each of these must illustrate an
important physical principle which is one of the starred
topics in the syllabus of required topics, and no two must
illustrate the same principle.
6. "In the class work the student must be
drilled to an understanding of the use of the general
principles which make up the required syllabus. He
must be able to apply these principles intelligently
to the solution of simple, practical, concrete problems.
7. "Examinations will be framed to test the
student* s understanding of and ability to use the general
principles in the required syllabus, as indicated in 6.
8. "The teacher is not expected to follow
the order of topics in the syllabus unless he wishes
to do so."
..
.
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APPENDIX E
Syllabus of Required Topics Reported by the
National Commission on the Teaching of Elementary Physics,
and adopted by the North Central Association of Colleges
and Secondary Schools in 1908.
Syllabus of Required Topics.
1. Weight, center of gravity.
2. Density.
3. Parallelogram of forces.
4. Atmospheric pressure; barometer.
5. Boyle* s Law.
6. Pressure due to gravity in liquids with a
free surface; varying depth, density, and shape of vessel.
7. Buoyancy; Archimedes* principle.
8. Pascal* s law; hydraulic press.
9. Work as force times distance, and its measure-
ment in foot-pounds and gram-centimeters.
10.
Energy measured by work
t
-
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11* Law of machines: work obtained not greater than
work put in; Efficiency.
) 12. Inclined plane.
13. Pulleys, wheel and axle.
14. Measurement of moments by the product of
force times arm; Levers.
15. Thermometers: Fahrenheit and Centigrade scales.
16. Heat quantity and its measurement in gram
calories.
17. Specific heat.
18. Evaporation; heat of vaporization of water.
19. Dew point; clouds and rain.
20. Fusion and solidification; heat of fusion.
21. Heat transference by conduction and convection.
22. Heat transference by radiation.
23. Qualitative description of the transfer of energy
by waves.
4
Wave length and period of waves.
O'
,
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25. Sound originates at a vibrating body and
is transmitted by waves in air.
26. Pitch and period of sound.
27. Relation between the wave length of a tone
and the length of a string or organ pipe.
28. Resonance.
29. Beats.
30. Rectilinear propagation of light; pin-hole camera.
31. Reflection and its laws; image in a plane mirror.
32. Refraction, and its use in lenses; the eye, the
camera
.
33. Prisms and dispersion.
34. Velocity of light.
35. Magnetic attractions and repulsions.
36. Field of force about a magnet.
37. The earth a magnet; compass.
38. Electricity by friction.
(
131
39. Conductors and Insulators.
40. Simple galvanic cell.
41. Electrolysis; definition of the Ampere.
42. Heating effects; resistance; definition of the Ohm.
43. Ohm’s law; a definition of the volt.
44. Magnetic field about a current; electromagneto.
45. Electromagnetic induction.
46. Simple alternating current dynamo of one loop.
47. Electromagnetic induction by breaking a
circuit; primary and secondary.
48.
Conservation of Energy.
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APPENDIX F.
List of Experiments Issued by the College
) Entrance Examination Board to Accompany its Definition
. of the Physics Unit Adopted in 1910.
Mechanics.
1. Weight of unit volume of a substance, prism or
cylinder.
2. Principle of Archimedes.
3. Specific gravity of a solid body that will
sink in water.
4. Specific gravity of a liquid, two methods
(bottle and displacement methods); or,
5. Specific gravity of a liquid by balancing
columns.
6. Boyle* s Law.
7. Density of Air.
8. Hooke’s Law.
9. Strength of material.
10.
The straight lever, principle of moments
.
11. Center of gravity and weight of a lever.
12. Parallelogram of forces.15.
Four forces at right angles in one plane.
14. Coefficient of friction between solid bodies -
on a level and by sliding on an incline.
15. Efficiency test of some elementary machine,
either pulley, inclined plane, or v/heel and axle.
16. Laws of the pendulum.
17. Laws of accelerated motion.
Heat.
18. The mercury thermometer: relation between
pressure of steam and its temperature.
19. Linear expansion of a solid.
20. Increase of pressure of a gas heated at
constant volume; or,
21. Increase of volume of a gas heated at constant
pressure
I.
.
22.
Heat of fusion of ice
23. Cooling curve through change of state (during
lidification)
.
24. Heat of Vaporization of Water.
25. Determination of the dew point.
26. Specific heat of a solid.
Sound
.
27. Velocity of sound.
28. ?/ave length of sound.
29. Number of vibrations of a tuning fork.
Light
30. Use of photometer.
31. Images in a plane mirror.
32. Images formed by a convex mirror.
33. Images formed by a concave mirror.
34. Index of refraction of glass;
or,
35 Index of refraction of water
••
.
.
.
.
.
.
.
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36. Focal length and conjugate of a converging lens.
37. Shape and size of a real image formed by a lens.
38. Magnifying power of a lens.
39. Construction of model of telescope or
compound microscope.
Magnetism and Electricity.
40. Study of magnetic field.
41. Magnetic induction.
42. Study of a single fluid voltaic cell.
43. Study of a two-fluid voltaic cell.
44. Magnetic effect on an electric current.
45. Electrolysis.
46. Laws of electrical resistance of wires;
various lengths, cross-section, and in parallel.
47. Resistance measured by volt-ammeter method.
48. Resistance measured by Whe at stone 1 s bridge.
49. Battery resistance - combination of cells.
50. Study of induced currents.
51. Power or efficiency test of a small electric
motor.
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